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Foreword 





This series is dedicated to Electrical 
Progress—to all who have helped and 
those who may in the coming years help 
to bring further under human control 
and service to humanity this mighty 
force of the Creator. 


The Electrical Age has opened new 
problems to all connected with modern 
industry, making a thorough working 
knowledge of the fundamental princi- 
ples of applied electricity necessary. 


The author, following the popular appeal for practical 
knowledge, has prepared this progressive series for the electrical 
worker and student; for all who are seeking electrical knowledge 
as a life profession; and for those who find that there 1s a gap in 
their training and knowledge of Electricity. 


Simplicity is the keynote throughout this series. From this 
progressive step-by-step method of instruction and explanation, 
the reader can easily gain a thorough knowledge of modern 
electrical practice in line with the best information and experi- 
ence. 


The author and publishers here gratefully acknowledge the 
hearty and generous help and co-operation of all those who have 
aided in developing this helpful series of Educators. 


The series will speak for itself and “‘those who run may read.” 


The Publishers. 
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IMPORTANT 


To quickly and easily find information on any subject, read 
over the general chapter headings as shown in the large type— 
this brings the reader’s attention to the general classification of 
information in this book. 


Each chapter is progressive, so that if the reader will use the 
outline following each general chapter heading, he will readily 
come to the information desired and the page on which to 
find it. 


Get the habit of using this Index—it will quickly reveal a 
vast mine of valuable information. 


“‘An hour with a book would have brought to your mind, 
The secret that took the whole year to find; 

The facts that you learned at enormous expense, 
Were all on a library shelf to commence.” 
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le CHAPTER 174 


Radio Principles 


’ Dr. Albert Einstein discards the theory of the ether usually 
presented by writers in an attempt to explain radio transmis- 
sion. Dr. Einstein derides radio’s ethereal medium as fiction, 
calling it a makeshift fabricated to explain something for 
which scientists have not had the correct explanation. FEin- 
stein believes it is an electro-magnetic phenomenon; so did 
(Charles Proteus Steinmetz. 





Shortly before his death Steinmetz said: ‘‘There are no ether waves.”’ He 
explained that radio and light waves are merely properties of an alter- 
nating electro-magnetic field of force which extends through space. Scien- 
tists, he contended, need no idea of ether. They can think better in the 
terms of electro-magnetic waves. 


If a coil of insulated wire surround a piece of soft iron and 
; a direct current be sent through the coil, it 1s called an electro- 
magnet. The space around the coil is the magnetic field. 
When the current is increased the magnetic field increases. 
When the current is decreased the breadth of the field is re- 
duced. If the current be reversed, the field is reversed. When 
_an alternating current is sent through the coil the magnetic 

field alternates. The field becomes a periodic phenomenon or 
a wave, described by Steinmetz as “an alternating magnetic 
field wave.” . 


Steinmetz, like Einstein, pointed out that the conception of the ether 
is one of those hypotheses made in an attempt to explain some scientific 
difficulty. He declared that the more study is applied to the ether theory 
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the more unreasonable and untenable it becomes. He held it to be merely 
conservatism or lack of courage which has kept science from abandoning 
the ethereal hypothesis. 


‘Steinmetz called attention to the fact that belief in an ether is in con- 
tradiction to the relativity theory of Einstein, since this theory holds that 
there 1s no absolute position or motion, but that all positions and motions 
are relative ahd equivalent. Thus, if science agreed that the theory of 
relativity is correct the ether theory must be abandoned. 


No space will be wasted here in talking about ether waves. 

The space surrounding a wire that carries an electric current 
1s an electro-magnetic field, that is, a combination of.a magnetic 
field and an electrostatic field. 


If the current and voltage alternate, the electro-magnetic field alter- 
nates; that is, it 1s a periodic field or an electro-magnetic wave. Thus, 
the broadcast listener who wants to forget the ether can think of the 
aerial wire at the transmitter, setting up electro-magnetic waves in a field 
of electric force, which now, the theories contend, fills all space and there- 
fore every receiving wire is within the field. This field, however, is sup- 
posed to be in a state of rest until the broadcast transmitter causes it 
to vibrate. 


The action of the transmitter is like tapping a mold of jello. Waves 
pass through it, and so radio waves are produced in the electro-magnetic 
field. 


The transmitter taps the hypothetical medium, causing it to vibrate. 
The receiving set is designed to detect the vibrations _ so intelligence 
is carried from one point to another. 


It is well known that a stone thrown into a pond causes 
ripples or waves on the surface of the water, which move away 





NOTE.—As stated by Dr. Lee de Forest: Radio is simply a cause and an effect. The 
cause is the radio transmitter. It makes an electro-magnetic splash that sets up radio waves. 
These waves travel through space in all directions. The effect is the setting up of delicate 
currents in the aerial or loop. These delicate currents are detected and converted into 
audible sounds by means of the radio. receiving set. Imagine a boy operating a paddle at 
one end of a pond of still water. Ripples are set up in the water. They travel farther and 
farther away from the paddle, getting weaker as they move along.until they reach a piece of 
wood which bobs up and down as it rides the waves. Put a bell on the piece of wood, in order 
that it will ring with the action of the waves, this illustrates the mechanical parallel of radio 
communication. 
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from the point of disturbance in concentric circles of ever in- 
creasing diameters until they reach the shore. The number of 
waves breaking on the shore in one second 1s called the fre- 
quency of the wave motion, and the distance between them 
measured from crest to crest, is the wave length. 

The waves are strongest at the point of disturbance and 
gradually become weaker as they travel away from that point, | 
as shown in figs. 7,180 and 7,181. If the distance be sufficiently 
great they will become so weak as to be invisible. 
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Fic. 7,180.—Effect of throwing stone in still water; production of waves which radiate or travel 
from the point where stone enters the water, or “‘point of disturbance.”’ 


NOTE.—According to Marconi radio waves go to outer space. In his inaugural address at 
the second meeting of the Italian Society for the Advancement of Science Sept. 11, 1930, Sen. 
Guglielmo Marconi expressed belief that radio waves may travel long distances, even millions 
of miles, beyond the earth’s atmospheric layer. He said that he did not see any reason why, as 
some scientists maintain, waves produced on the earth should not travel such a distance, since 
light and heat waves reach the earth from the sun, penetrating the atmospheric layer. He re- 
ferred to observations of such scientists as Stormer and Pedersen and commented that the 
former had said that electrified particles derived from the sun and under the magnetic influence 


of the earth acted as a reflector of electric waves from the earth after they had passed the so 
called E-enelly-Heaviside layer. 
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Radio communication as has been explained is a form of 
wave motion which occurs in an electro-magnetic field, these waves 
acting in @ similar manner to water waves. 

In radio communication it is first necessary to create electro- 
magnetic waves in varying groups and of varying strength, and 
second to intercept them with apparatus capable of changing 
them to sound waves. 


To create the waves it is necessary to have two surfaces separated by a 
distance of from ten to several hundred feet and to create between them 
an electrical pressure which changes its direction (first toward one surface 
then toward the other) hundreds of thousands of times a second. 


POINT OF WAVE LENGTH 
sk 
Mw. =< 
= PF, ———_ >» 
a = 4== SS UE ee 
= f= =e ; \ ES A TS = sweanest 
= NM STRONGEST 


Fic. 7,181.—Sectional view of waves produced by throwing stone in still water, illustrating 
crest of wave, wave length and gradual weakening of the waves as they travel from the point 
of disturbance. 


It is the common practice to use the ground for one surface and provide 
another surface by erecting a structure composed of one or more wires, 
insulated from the earth and suspended many feet above it. 


Between these, by means of suitable transmitting equipment an elec- 
trical pressure is produced of from one to twenty volts which starts waves 
radiating out in all directions. These pressure waves are, however, only 
part of a radio wave. From any wire in which current is flowing are 

_ radiated electro-magnetic waves and radio waves are made up then, of 
both electro-magnetic and pressure electrostatic waves. 


Comparing these waves to the action of hurling a rock into a pool of 
water, the amperes of electric current put into the antenna correspond to 
the size of the rock, while the volts of electrical pressure are equivalent 
to the force with which the rock is hurled. The larger the rock and the 


Radio Principles 4,445 





‘greater the force behind it, the bigger the splash and consequent waves. 
The more amperes of current flowing in the antenna circuit and the greater 
the pressure (volts) between antenna and ground, the stronger the waves 
radiated. These radio waves have similar characteristics to another class 
of waves—sound waves. 


When the note C is struck on the piano (as in fig. 7,182) the sound waves 
vibrate 256 times per second and either a C tuning fork or a wire tuned 
to C and in the immediate vicinity will vibrate 256 times per second also. 
The two wires are said to be in resonance. - 
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Fic. 7,182.—Sympathetic vibration of tuning fork with struck piano string when tuned to same 
pitch, illustrating the wave theory of radio. 


The waves radiated by a radio transmitter always have a definite num- 
ber per second and in order to hear a station, the receiving equipment 
must be put in resonance with the waves radiated by the transmitter. This 
operation is known as tuning. 


Technical Terms.—For the convenience of the student defi-- 
nitions of the terms commonly used are here given; the. list 
should be used as a reference in studying the text. 
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Radio Definitions 


A. C.—Alternating current. 





A. C. C. W.—Alternating current continuous waves. 
Aerial.—A device for receiving radio waves. 
A. F.—Audio frequency. 


Air Condenser.—A condenser in which the metal plates are separated 
by air, mechanical separation being provided by a-small amount of solid 
insulating material. 


Ammeter.—Instrument for measuring electric current. 
Ampere.—The practical unit of electric current. 


Ampere Hour.—A unit of quantity of electricity. One ampere flowing 
for one hour or its equivalent. 


Amplifier.—An apparatus which delivers an electric current similar in 
form to the electric current put into it, and of greater power. The am- 
plifiers commonly used employ electron tubes. 


Amplitude.—The maximum value of any vibration during a cycle. 
Antenna.—The device or part of a circuit for radiating radio waves. 


Arc.—A passage of electricity through a gas which depends on the vola- 
tilization of one or both electrodes. 


Arc Transmission.—The transmission of radio messages by continuous 
waves produced by an electric arc. 


Atmosphere.—Disturbances caused in a radio receiving set by atmos- 
pheric electricity. They cause grinding or crashing sounds in the telephone 
receiver and at times interfere with reception. 


Audion.—A three element vacuum tube. 


Audio Frequency.—The term applied to currents pulsating at a fre- 
quency not over 10,000 cycles per second. Frequencies within the range 
of the human ear. 


Battery.—Two or more electric cells connected together in one unit. 


Radio Principles 4,447 





Beats.—Periodic variations in the amplitude of two vibrations of slightly 
different frequencies due to the interaction of the two. 


Break-in.—An arrangement whereby the transmitting key automatically 
disconnects the receiving set from the aerial and substitutes the transmit- 
ting set. 


Broadcasting.—The transmission of information, entertainment, etc., 
intended for an unlimited audience. 


Buzzer.—A type of electro-magnetic interrupter. ‘ 


By-pass.—A condenser used for providing a low impedance path for 
high frequency currents across low frequency apparatus. 


Capacity.—Electrical quality of a condenser or an antenna, somewhat 
analogous to elasticity or springiness. 


Cathode Rays.—The stream of electrons or electrical particles sent 
out from the cathode or filament of a vatuum tube. These rays are neg- 
atively charged. 


Circuit.—The wires and instruments taken collectively when connected 
for a given purpose. 


Code, International.—The conventional arrangement of dots and 
dashes representing the letters of the alphabet, figures, etc., for the trans- 
mission of intelligence by radio telegraphy. 


Coil Aerial.—An aerial consisting of one or more complete turns of 
wire. 


Condenser.—An apparatus consisting of insulating material (which 
may be air) between two metal plates or sets of plates. The purpose of a 
condenser is to provide capacity. 


Condenser Antenna.—An antenna consisting of two condenser plates, 
one of which may be a wire or set of wires elevated above the ground, and 
the other of which may be either the ground or another set of wires. The 


wire or set of wires elevated above the ground is only a part of the whole 
antenna. 


Continuous Waves.—Radio waves which do not vary in amplitude 


(intensity). Continuous waves are not modulated, as modulation varies 
the wave amplitude. 


Crystal Detector.—A device which makes incoming signals audible in 
the telephone receiver, employing a mineral across the contact with which 
more current can flow in one direction than the opposite. 
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Counterpoise.—A set of metal wires or sheet forming the lower plate 
of a condenser antenna. 


Coupler.—A device by means of which the coupling between circuits 
can be varied in a receiving set having more than one circuit. It usually 
consists of two coils of wire so arranged that one coil can slide or rotate 
within or near the other. 


Cycle.—A complete reversal of the current in an 4.c. circuit. 


Damped Wave.—Radio waves that come in groups, the successive 
waves in each group decreasing in magnitude. Damped waves are pro- 
duced by spark transmitting sets. 


Design.—The electrical design of a circuit is the specification of pe 
ular values for the various constituent parts of that circuit. 


Detector.—A device which converts radio-frequency current into pul- 
sating current in one direction so as to make signals audible in the tele- 
phone receiver. 


Dielectric.—Any materia] which offers a very high resistance to the 
passage of electric current. 


Down Lead.—The wire connection from the aerial to the receiving 
set. (Also called “‘lead-in.’’) 


Electrolyte.—The active liquid in an electric battery. 


Electro-magnet.—A temporary magnet which is magnetized by the 
passage of an electric current through a wire wound around it. 


Electrostatic.—Pertaining to an electrically charged body in which 
no current flows. 


Electron Tube.—A combination of a filament which may be heated, a 
metal plate, and a metal grid which controls the flow of electrons from the 
filament to the plate, the whole ina vacuum. The usual type of electron 
tube used as a detector or amplifier greatly resembles in appearance an 
incandescent lamp bulb. (Thisis called by various names, such as ‘‘audion”’ 
“vacuum tube”’ “triode,” ‘‘three-electrode tube.’’) 


*Ether.—The hypothetical medium through which radio waves are said 
to be propagated through space. 


Fading.—lIrregular variation of intensity of signals caused by actual 
variation of wave intensity. 


*NOTE.—Dr. Albert Einstein discards the theory of the ether usually presented by radio 
writers. See page 4.441. 
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Farad.—A unit of electric capacity. If a steady current of one ampere 
flow into a condenser and the voltage across the condenser be one voit at 
the end of one second, the capacity of that condenser is one farad. 


Feed back.—The energy returned to the grid, and the means for re- 
turning it, in a regenerative circuit.. 


Filament.—The hot element in a vacuum tube which emits the elec- 
trons. 


Fleming Valve.—A two-element vacuum tube. ° 
Frequency.—The number of complete reversals, or cycles per second. 


Generator.—A commonly used but objectionable name for a machine 
which converts mechanical energy into electric energy. 


Grid.—The control electrode in a three element vacuum tube. 
Grid bias.—A negative pressure applied to the grid. 
Grid leak.—A high resistance connecting the grid to the filament. 


Ground.—An electrical connection to earth or to a large conductor 
which is at the earth’s pressure. 


Ground Wire.—The wire connection from the receiving set to ground 
or counterpoise. 


Hard Tube.—An electron tube suitable for use as an amplifier. A tube 
having a higher vacuum than is necessary for a detector. 


Harmonics.— Waves, the frequency of which is a multiple of the main 
wave of a transmitting station. Harmonics are usually objectionable; the 
power that goes into them is wasted. 


Heaviside layer.—An assumed layer of ionized gas supposed to exist 
at an elevation of 25 or more miles above the earth’s surface. 


Henry.—The practical unit of inductance. 


Heterodyne.—To produce beats with an incoming C. W. signal by 
supplying a locally generated frequency. 


Honeycomb.—A type of winding for inductance coils which resembles 
a honeycomb. 


NOTE.—The Kenelly-Heaviside layer, first postulated in 1902 by Oliver Heaviside, 
English physicist, and A. E. Kenelly, and proved to exist in 1925 by other scientists, 7s @ con- 
ducting layer of tonized gas at a level of forty to fifty kilo-neters (twenty-five to thirty-one miles) above 
the earth’s surface during the day, rising to about ninecy kilometers (fifty-stx miles) at night. Its 
existence was pointed to be the behavior of long wave length radio waves. 
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Hydrometer.—An instrument for measuring the specific gravity of 
liquids. 
I. C. W.—lInterrupted continuous waves. 


Impedance.—The total opposition offered by a circuit to the passage 
of a current. The ratio of the voltage to the current produced by it. 


Impulse.—A force acting for a very short time, such as a quick blow. 


Inductance.—Electrical quality of a circuit or part of a circuit, some- 
what analogous to heaviness or inertia. 


Insulator.—Any substance which does not pass an electric current. 


Interference.—Any electrical disturbance originating outside the re- 
ceiving set which prevents clear reception of the desired signal. 


Interrupter.—A device which intermittently breaks or interrupts an 
electric current. 


Key.—A type of switch by means of which the current may be stopped 
and started for signaling. 


Kilocycle.—1,000 cycles. 
Lead-in.—Same as down lead. 


Line Radio.—Transmission of a high frequency current, with its ac- 
companying wave field, guided by a conducting line. 


Loading Coil.—A coil of wire for increasing the inductance (and hence 
the resonance wave length) of an antenna or other circuit. 


Loop aerial.—Same as coil aerial. (There is some tendency to 
restrict “loop aerial’’ to a single turn coil.) 


Megohm.—The unit used to measure high resistances. One megohm 
equals 1,000,000 ohms. 


Meter.—A unit of length 39.37 inches. The usual unit for expressing 
wave lengths. 


Microfarad.—The unit of electrical capacity used to designate the ca- 
pacity of condensers. It is one-millionth part of a farad. The higher ie 
microfarad rating of a condenser the larger its capacity. 


Microphone.—The apparatus which picks up the sound waves at a 
oroadcasting station and produces corresponding electrical variations in 
the battery or transformer circuit of the transmitter. 

Milli-henry.—.001 henry. 


Modulation.—Vaniation of amplitude of the radio wave, the variation 
being at an audible frequency. 
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Motor-generator.—A combined motor and generator by means of 


which a d.c. voltage may either be stepped up to a higher value or stepped 
down to a lower. 


Natural frequency.—The frequency with which a coil is in tune by 
virtue of its inductance and distributed capacity. 


Ohm.—The unit c. electrical resistance. With the voltage remaining 
constant, the current flowing in a circuit is inversely proportional to the 


resistance in the circuit. In other words—the higher the resistance, the 
smaller the current and vice versa. 


Open Antenna.—Same as condenser antenna. 


Oscillator.—An electrical circuit for the generation of oscillations or 
high frequency currents. 


Oscillations.—Very rapid vibrations. 


Phase.—The time elapsed from the beginning of a cycle to a given in- 
stant. 


Pitch.—An acoustic term describing the frequency of a tone. 
-Plate.—The positive electrode in a vacuum tube. 


Potential.—Electrical pressure which determines the flow of current 
through a given resistance or impedance. The term pressure or voltage 
should be used rather than potenizal. 


Potentiometer.—A high resistance (200 to 300 ohms) usually con- 
nected across the A battery and having a sliding contact making it pos- 
sible to provide a fine adjustment of the plate voltage. Sometimes it is 
connected in a manner to provide adjustment of voltage between grid and 
filament. Sometimes called a stabilizer. In electrical engineering the 
definition of a potentiometer is entirely different. 


Primary.—The first winding of a transformer or the winding on which 
current is impressed. 


Radio frequency.—The term applied to currents pulsating at a fre- 
quency too high to be heard by the human ear. Used to identify the 
currents in the antenna circuit. 


Reactance.—That part of the total impedance which is due to capacity 
and inductance. 


Reactance coil.—A coil whose reactance is large compared to its re- 
sistance. 


Rectifier.—A device which converts alternating current into direct or 
pulsating current. 
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Reflex Circuit.—One in which the amplifier tubes are made to function 
as both radio and audio-frequency amplifiers simultaneously. 


Regeneration.—Increasing amplification in a vacuum tube by return- 
ing part of the output to the grid to be re-amplified. 


Regenerative Receiving Set.—A set in which an electron tube is so 
connected that part of the plate circuit power is fed back to the grid cir- 
cuit (by a tickler or through the tube capacity), thus building up great 
amplification. 


Relay.—An electro-magnetic switch by means of which a local power 
circuit is controlled. _ | 


Resistance.—That part of the total impedance which is due to dissi- 
pation of energy in the circuit. 


Resonance.—Condition of a radio circuit when it gives maximum re- 
sponse to an impressed wave or voltage. When a circuit is in resonance 
it is also said to be tuned. 


Resonance Transformer.—Any loose coupled tuning inductance hav- 
ing a primary and. secondary each with a variable condenser in the circuit. 
Tuning the secondary circuit brings it 1n resonance with the primary, thus 
enabling signals to be heard with greatest volume. 


Rheostat.—A variable resistance used to control the filament lighting 
current of detector and amplifier tubes. 


Secondary.—The second winding of a transformer or the winding which 
delivers energy. 


Shunt.—A by-pass or an instrument connected in parallel with another. 


Signal.—Any electrical current conveying a message. 


Single-circuit Receiving Set.—A set in which the detector is con- 
nected to a coil or other circuit element in the aerial circuit. 


Soft Tube.—An electron tube suitable for use as a detector but un- 
suited for use as an amplifier because of the characteristics developed by 
the residual air. Sometimes called a gas tube. 


Spark Transmission.—The transmission of radio messages by damped 
waves produced by a spark transmitting set. 


Static.—Electric disturbances due to atmospheric discharges. 


Super-audible.—A frequency which lies above the audible range. 
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Super-heterodyne.—Use of a heterodyne to produce an intermediate 
frequency lower than that of the wave frequency, the intermediate fre- 
quency being in turn detected as in ordinary reception. 


Super-regeneration.—A method of amplifying in which self oscilla- 
tions are prevented by periodically damping the circuit. 


Thermionic Emission.—The emission of a stream of negative elec- 
trons from a heated filament (cathode) in a vacuum tube. 


& 


Thrée-electrode Tube.—Same as electron tube. 


Tickler.—A coil used to inductively feed back power from plate circuit 
to grid circuit in a regenerative receiving set. 


Tikker.—A type of interrupter used to detect C. W. signals. 


Tuning Coil.—A coil of wire for carrying the inductance (and hence the 
resonance wave lengths) of a circuit. Provision is made.se@.that: various 
.numbers of turns can be connected in circuit. When used in an antenna 
circuit a tuning coil is also a loading coil. 


Tuner.—tThe portion of a circuit in which tuning is done. 


Two-circuit Receiving Set.—A set in which the detector is connected 
to a secondary circuit coupled to the aerial circuit. 


Undamped waves.—Continuous waves. 


Vacuum Tube.—An evacuated bulb, or one containing a rare gas and 
having two or more elements. 


Variable Condenser.—A condenser the capacity of which can be read- 
ily varied. In its usual form it is two sets of plates which interleave but do 
not touch each other, one set being rotatable. 


Vernier.—A term applied to condensers,'rheostats, etc., having a means. 
for providing a finer adjustment than 1s possible with similar apparatus not 
so equipped. Applied also toa variable condenser having only 3.or 5 plates. 


Vibration.—Rapid to and fro motion. 
Volt.—Unit of electric pressure. 
Volt meter.—Instrument for measuring electric pressure. 


Wave meter.—An instrument for measuring wave frequency (or wave 
length). 


Wave Length.—The distance between successive crests of a radio wave 
as‘it passes along on its. way between transmitting and receiving stations. 
Wave length is inversely proportional to wave frequency. 


Wave Trap.—A resonant circuit used to eliminate an interfering signal. 
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Fics. 7,183 to 7,216e.—Chart showing various symbols used in radio diagrams. 
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Fics. 7,183 to 7,2160—Continued. 
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Watt.—Unit of power. Voltage multiplied by amperage. | 
Wired Radio.—<Application of the principles of radio to communication 
over wires. 


Essentials of Radio Communication.—Although there is a 
sreat multiplicity of “‘radio sets,’ the performance of a num- 
ber of these consists of just four functions known as: 


1. Reception; 
2. Selection; 
3. Detection; 
4. Audition. 
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Fic. 7,217.—Aerial for reception of the radio waves. 


and in those sets of greater refinement there is an additional 
function known as: 


5. Amplification. 
® 

Reception.—The aerial is that part of the radio apparatus 
which receives or ““catches’”’ the radio waves and leads them to 


the selection part of the set. A typical aerial is shown in fig. 
7,217. | 


Selection.—-When several transmitting stations -are broad- 
casting at the same time it 1s necessary to provide means for 
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cutting out or making the apparatus non-responsive to all 
stations except the one it is desired to hear. This function 1s 
called selection and is accomplished by a process called tuning. 
It is found that in a circuit containing inductance and capacity, certain 
combinations of these give much greater response than others to a given 
wave length. Hence, if each broadcasting station have a different wave 
length, the receiving set can be tuned to respond to any selected station by 
adjusting the relative amounts of inductance and capacity. 
HIGH FREQUENCY A.C. int 
; a a 
1. RECEPTION 
AERIAL (FIXED CAPACITY) 





TUNING COIL 





2 
Cs 
= VARIABLE 
CAPACITY 
GROUND 
OROU 





—— 2. SELECTION 


~— 


Fic. 7,218.—Aerial and tuning coil, which provide a fixed capacity and variable inductance, 
the essential elemertts in the simplest form of circuit necessary for tuning. 


When the strength of the signals from the selected station is greatest, 
the circuit is in tune or in resonance with the incoming wave length, or 
frequency, and then only a very small impulse is required to start large 
current in the circuit. 


In the simplest form of set the inductance is varied by means of a tuning 
coil and variable condenser, so that any amount of inductance relative to 
the capacity of the aerial may be obtained to tune to a given wave length 
as shown in fig. 7,218. 


Detection.— This third essential function consists in convert- 
ing the alternating current in the aerial and inductance coil into a 
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putsating uni-directional current so as to make the transmitted 
signals audible 1n the telephone receiver. 

The part of the apparatus that converts: the current is. 
called a detector. 


A detector is essential because the human ear is not responsive to vibra- 
tions above a few thousand per second. The detector changes the high 
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Fic. 7,219.—Addition of crystal detector to the single circuit of fig. 7,218, the essential ele- 
ment necessary for detection. 


frequency currents to impulses traveling in one direction in the circuit to 
the number of 100 to a few thousand per second. The simplest form of 
detector is known as the crystal detector. Galena, silicon, and carborundum 
are the names of three of the crystals used. 


The purpose of the head receivers is to change the impulses. 
of direct (one way travel) current to sound waves which can 
be heard. 


The essential elements of the simplest circuit for reception, selection 
and detection are shown in fig. 7,219. 
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Audition.—The high frequency impulses having been rectified 
and reduced to audible limits by the detector it 1s only neces- 
sary to add telephone head receivers to change these impulses 
to sound waves so they can be heard. 

Fig. 7,220 shows this addition to the set, for simplicity a single receiver 
being shown. The latter it will be seen consists essentially of an electro- 
magnet and a sensitive diaphragm which vibrates to produce sound waves 


as influenced by the low frequency pulsating uni-directional current de- 
livered by the detector. 
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Fic. 7,220.—Addition of telephone receiver with condenser to the simple circuit of fig. 7,219, 
the essential element for audition. 


The receiver is assisted in converting the pulsating uni-directional current 
coming from the detector by a condenser placed in circuit as shown. This 
condenser alternately receives and gives up charges, responsive to the 
state of the pulsating uni-directional current. Fig. 7,221 shows a crystal 

, detector set as actually constructed for the four functions indicated in 
fig. 7,220, except that fig. 7,221 shows a variable inductance coil. 


Summary 


(Operation of simple crystal detector set shown in fig. 7,221.) 


Aerial.—Converts radio waves into an alternating current of high 
frequency. | | 
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Inductance Coil.—Forms, together with the aerial, a circuit which 
can be tuned to respond to the incoming radio wave. In this set it alone 
constitutes the “tuner.” 


Crystal Detector.—Converts the alternating current in the aerial 
into a pulsating uni-directional current. 


Telephone Receivers.—Convert the pulsating uni-directional current 
into sound. 
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Fic. 7,221.—Small crystal detector set as actually constructed corresponding to the ele- 
mentary set shown in fig. 7,220, with exception of a variable instead of a fixed inductance coil. 


Amplification.—The word amplify means fo increase or en- 
large; in radio, amplification is the act or process of strengthen- 
ing the radio signals, so that the more distant stations can be 
heard, and the sound augmented. The simplest set possessing 
amplification is the tuning coil set and a vacuum tube detector. 

To understand the working of this set, the principles of the 
tube should be first considered. 


Vacuum Tube Detector.—This device was first brought out 
by Dr. Lee de Forest under the trade name Audion. Itisone 
of the most sensitive instruments known to science yet it 
does not require more than an elementary knowledge to use 
it in radio reception. In its simple form it consists of a glass 
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bulb, similar in shape to an electric lamp, evacuated to a 
high degree and containing three elements: 


1. Filament; 
2. Plate; 
3. Grid. 


as shown in figs. 7,222 and 7 ,223. 





The filament is a piece of high resistance wire which is heated, by current, 
to brilliancy, asin an electric lamp. When this filament is heated it throws 
off millions of little electrical units known as negative ions. Around the 
filament is constructed a small sheet of metal (the plate) to which the ions 
can go, and so return to the circuit. Ions can travel only from the hot 
filament to the comparatively cold plate and cannot reverse and go the 
other way. Itis this property whichis utilized when employing the vacuum 
tube as a detector for changing the radio waves of vibrating current into 
direct current impulses. It is necessary to have some means of controlling 
the number of ions which reach the plate and for this the ‘‘grid’’ is inserted. 


The grid consists of a closely wound spiral or finely woven screen of wire 
surrounding the filament and through which the ions must pass to reach 
the plate. Interposed in the path from filament to plate, any electrical 
charge put upon it from the aerial circuit will either increase or decrease 
the ions reaching the plate and so varv the current through the head re- 
ceivers. 
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The vacuum tube is used in radio for four purposes. 


1. As a detector of received radio currents. (Instead of a 
crystal detector.) 


FLOW OF CURRENT FLOW OF ELECTRONS ELECTRONS REPULSED BY GRID 





FLOW OF 
CURRENT 


Fics. 7,224 to 7,226.—Diagrams illustrating the operation of the three element vacuum tube. 
A plate filament circuit is secured by the electrons traveling from the filament to the plate, since 
they are attracted by the plate positively charged, although the current from the battery B, 
is arbitrarily said to flow in this circuit from the plate to the filament. If the grid be con- 
nected as shown above in fig. 7,225, including in this circuit a battery and a milli-ammeter, 
a current will flowin the grid circuit because a certain number of electrons are stopped by the 
positively charged grid which allows the current of the battery B’ to flow in the grid filament 
circuit. Nowifthe polarity of the grid be changed asin fig. 7,226, the flow of electrons from 
the filament, when the grid is negative is repulsed, for in this case the electrons are negatively 
charged. Accordingly, the current from the plate, having no path, is suddenly stopped. 
Evidently then the grid acts as an automatic interrupter. 


2. As an amplifier of received currents. (For greatly in- 
reasing the loudness of signals received.) 


3. As a generator of alternating currents. (For radio tele- 
phony and telegraphy.) 


The tube acts as a detector on account of its rectifying action; that is, 
the incoming high frequency alternating current 1s rectified or changed to 
a uni-directional current, one half of the alternating (the positive side) being 
permitted to pass through to the filament circuit, thence to the phones. 


The natural amplifying property of the tube is that when properly con- 
nected, it will add current from a battery connected in one of the circuits 
to the signals, making them much louder when passed through head re- 
ceivers or a loud speaker. 
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4, As a transmitter, 
Direct current is converted into high frequency alternating current using 


large tubes to change 350, 500, 1,000 or 2,000 volt d.c. to a.c. of frequency 
of 50,000 to 2,000,000, per second. 


For the operation of the tube, two batteries are used, known 
as the “‘A’’ battery and the “‘B’’ battery. 
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Fics. 7,227 and 7,228.—Tuning methods 1. Aerial capacity fixed. Fig. 7,227, variable con- 
denser fixed inductance coil; fig. 7,228, variable condenser with inductive coupling. 


It should be noted that the amount of B battery voltage applied to the 
plate of the tube determines whether the tube will operate simply as a 
detector, or as an amplifier in addition to its function as detector. 


The A battery is used to heat the filament of the vacuum tube, the 
amount of current drawn from the battery being controlled by a rheostat 
which serves to bring the filament to the proper temperature for best re- 
sults; usually a 6 volt storage battery is used. 


The B battery furnishes the local energy which amplifies the receiving 
signals so as to ncrease the loudness of tone produced in the head receivers 
or loud speaker. It is connected through the proper terminal to the plate 
circuit to create a difference of voltage between the filament and the plate. 
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Methods of Selection.—In the simple circuits thus far shown, 
tuning the apparatus so that it will respond to the desired wave 
length is accomplished by having the capacity (that of the 
aerial) fixed and varying the inductance by means of a single 
slider tuning coil. 

Selection may be accomplished in numerous other ways. 
The following methods (although some are old) should be noted. 
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Fics. 7,229 and 7,230.—Tuning methods 2. Capacity fixed. Fig. 7,229, variocoupler 
mutual induction principle; fig. 7,230, variometer, combination of self-induction and mutual 
induction principles. These are old methods but show principles. 


1. Capacity fixed, variable inductance. 
a. One slider tuning coil; c. Variocoupler; 
b. Two slider tuning coil; d. Variometer. 
2. Capacity variable, inductance fixed. 
3. Capacity and inductance variable. 
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These various methods are shown in figs. 7,229 to 7,232. 


Using a single slide tuner, as in fig. 7,221, will not give tuning sharp 
enough to cut out serious interference. The efficiency is increased by 
using two slides. The coil of fig. 7,221 1s a primary induction coil (single 
coil) and it works on the principle of self-induction. It works on the 
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Fics. 7,231 and 7,232.—Tuning methods 3. Fig. 7,231, capacity variable by use of vari- 
able condenser, fixed inductance; fig. 7,232, both inductance and capacity variable. 


principle of self-induction as distinguished from a secondary induction 
coil which consists of two coils with no metal connection between, work- 
ing on the principle of mutual induction; that is, use is made of the mag- 
netic field set up to transfer the energy from one coil to the other. 


The variocoupler (fig. 7,229) is an example of this method. Here tun- 


ing is accomplished by cutting out various sections of one coil and by 
adjusting the angular position of the second coil. 
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A modification of this method is the variometer (fig. 7,230) in which 
there are no taps, but the coils are connected together at one end as shown. 


For a small wave length range a variometer can be used with connection 
similar to that of a single slide tuner. With the addition of a condenser 
and large size variometer a very considerable range of wave length can be 
covered. In fig. 7,231, the tuning is done by varying the capacity and in 
fig. 7,232, by varying both inductance and capacity. 
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Fic. 7,233.—Simple one tube set in which the tube acts as detector and amplifier. In series 
with the grid element of the tube and aerial is a grid leak condenser, comprising a con- 
denser and a high resistance in parallel as shown. The effect of this grid condenser is to 
render the tube a very sensitive detector. A rheostat is placed in the A, or filament battery 
circuit to adjust the filament current to its proper value which depends on the type of tube 
used. The by-pass condenser is shunted across the phone and B battery to:furnish a low 
impedance path for the high frequency output current of the detector around the phone and 
B or plate battery. 
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Amplification with Tube Detector.—The simplest set pos- 
sessing amplification is the combination of the tube and tuning 
coil as shown tn fig. 7,233. By using another tube or several 
additional tubes this amplification may be carried still further, 
for it 1s merely necessary to feed the output of one tube into 
the grid of the next tube. 
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Fic. 7,234.— Two stage audio frequency amplifier. This two stage amplifier can be added to any single tube set. Instead 
of using jacks to plug in different stages of amplification, a switch is used instead. A good amplifier tube such as the UV-201A 


should be used and plate voltage should be about 90 volts. The addition of aC battery in this amplifier will tend to eliminate 
distortion so that reception will be clearer and louder. : 
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_ In this way the incoming radiq wave may be repeated and built up until 
the amplification may be as high as 50,000,000; that is, the characteristics 
of the incoming wave may be reproduced by an exactly similar wave of 
enormously greater magnitude. 


Coupling of Amplifiers.—If more than one amplifier be used 
some apparatus must be interposed between successive tubes 
to obtain the maximum power output of the lower tube and 
if possible, at the same time obtain the maximum voltage 
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Fic. 7,235—Two stage radio frequency amplifier. Radio frequency amplifiers are used ahead 
of the detector on receiving sets. In order to prevent distortion in the case of weak signals 
several stages of amplification are used; some of these stages should be 7.f. and some a.f. 
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charges on the grid of the upper tube. This is generally done 
by a transformer coupling. Fig. 7,234 shows connection for 
two stage amplification. 


Radio Frequency Amplification.—By definition radio fre- 
quency amplification is the amplification of the high frequency 
variations of voltage in the aerial circuit before reaching the detector 
tube. These high frequencies are known as radio frequencies 
and vary from 20,000 to 300,000,000 cycles per second. Fig. 





4,470 Radio Principles 


7,235 1S a circuit diagram showing a two stage radio frequency 
amplifier hook up. | 


Audio Frequency Amplification.—By definition audio fre- 
quency amplification 1s the amplification of the low frequency 
pulsations leaving the detector tube before being fed to the loud 
speaker. Fig. 7,236 shows a two stage audio frequency ampli- 
fier hook up. 
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Fic. 7,236.—Two stage audio frequency amplifier. 
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Fic. 7,237—General arrangement of super-heterodyne set showing placement of tntermed:iate 
frequency amplifier. 
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Intermediate Frequency Amplification.—By definition inter- 
mediate frequency amplification is the amplification of the inter- 
mediate frequency pulsations, or, frequencies from 20,000 to 
about 75,000 cycles per second. 


Amplification at these frequencies is used in super-heterodyne receivers, 
the amplifier usually consisting of a 7.f. amplifier using transformer coup- 
ling, the transformer being designed to cover very high wave lengths. An 
intermediate frequency amplifier hook-up is shown in fig. 7,237. 
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Fic. 7,238—Push pull amplification circuit. This method of amplification requires two tubes 
of the same type in each stage. The grids of the tubes are not connected together, as is the 
case in parallel operation, but are connected to opposite ends of a mid tapped transformer 
secondary. The mid tap is used as a common connection for making connection to the 
negative bias voltage of the grids. The grid voltage varies due to the impressed alternating 
voltage, which causes the grid to be alternately more and less negative. In push pull opera- 
tion the grid of one tube is most negative when the grid of the other tube is least negative; 
therefore, as the plate current of 6ne tube increases the plate current of the other tube 
decreases. To describe this action the word push pull was coined. The action is similar to 
the operation of a hand car, where one operator pushes on the cross bar as the other pulls, 
and vice versa. A push pull parallel stage is one in which two or more of push pull circuits. 
are used in parallel. 
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Push-Pull Amplification.—By definition push-pull amplifi- 
cation is @ method of generating more power for the loud speaker 
than usually obtained by audio amplifiers. In the last stage 
| two tubes are thus employed and so connected as shown in 
, fig. 7,238 that they are used alternately on the two halves of 
* each a.f. cycle. 
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TEST QUESTIONS 


. What is Dr. Einstein's theory of the ether? 

. What happens when a stone is thrown into a pond? 
. What does Marconi say about radio waves? 

. Compare radio waves with water waves. | 
. Draw diagram illustrating resonance. 
. Give definitions of radio terms. | 
. What is the Kennelly-Heaviside layer? 
. Give symbols for the various pieces of radio apparatus. 
. What are the International Morse signals for letters 


of the alphabet? 2 
10. Is the Morse system of signals the only one used? 
11. What are the four essentials of radio communication? 
12. How are radio waves received? 
13. What is tuning? 


14. How are radio signals made audible in the telephone 
receivers? 


| 
15. Explain audition in detail. 

16. What is a vacuum tube? 

17. How does a vacuum tube work? 
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18. Name three uses made of vacuum tubes in radio. 
19. Explain use of A battery and B battery. 
20. Explain the different methods of tuning. 
21. How is amplification obtained with tube detector? 


22. Draw a diagram showing two stage audio iia 
amplifier circuit. 


23. [:xplain the coupling of amplifiers. 
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CHAPTER 175 


Vacuum Tubes 


‘The name sacuum tube, which is descriptive of the fact that 
a high vacuum is required for operation, is widely used in 
America to designate what in England is familiarly known as 
a valve, a term which is roughly descriptive of the operation 
of the tube. There are a great many different types of vacuum 





Fic. 7,239.—How a tube works 1. Electrons are thrown off by a heated filament. If no 
means be provided for drawing the emitted electrons away from the filament, they will fall 
back as rapidly as they are emitted and the space surrounding the filament will be filled with 
a constant number of electrons. 
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Fic. 7,240.—How a tube works 2. If d.c. voltage were applied to plate making plate + with 
respect to the filament, electrons would be attracted to the plate and a current would be 
set up as shown. The diagram shows the current flowing from plate to filament in the tube, 
while the electrons flow from the filament to the plate. 
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NOTE.—How a tube works 3. If either the temperature of the filament, or the voltage on 
the plate be varied, the flow of current will vary, but it will always flow in the same direction. 
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tubes or valves, each of which has its own particular trade 


name, and they may be classified: 


1. With respect to communication, as 





Fic. 7,241—Three element vacuum tube illustrating application of A, B, and C batteries. The | 
work of the storage A battery is to heat the filament which gives off electrons. It has no|. 
other function in connection with a receiving set. The source of the positive electricity which | 
is applied to the plate is the B battery and its connection to the plate is through the head 
phones, amplifying transformer or loud speaker, depending on the type of amplifying circuit |: 
used. The third element or grid, whose function is to control the flow of electrons from the |: 
filament to the plate, employs the C battery which puts a negative charge on the grid thereby | : 


acting as a governor to retard or accelerate the flow of electrons from the filament to the plate. ' 





a. Transmitting; 


2. With respect to the current, as 


; dry cell 
a. Direct storage battery 


b. Receiving. 
b. Alternating. | 
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3. With respect to its use in the circuit, as 
a. Rectifier; 
b. Detector; 
c. Amplifier; 
d. Ballast. 


4. With respect to the number of elements, as 


a. Two: 


NI 
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Fic. 7,242.—How a tube works 4. Electron flow can be controlled by a grid. If the grid be 
connected to the filament battery at a point half way between the filament connections as 


shown, so that the average difference of voltage between the grid and filament is zero, no 
change in the plate current will be noticed. 





Fic. 7,243.—How a tube works 5. If the grid be kept positive with respect to the filament, 
the grid would aid the plate in drawing the electrons away from the filament. Since the 
grid is much closer to the filament than to the plate, its effect on the electron flow 1s rela- 
tively greater than that of the plate. 


b. Three; 
c. Four (screen grid); 
d. Five. 


Electrons.—By definition an electron is the smallest charge of 
negative electricity known. When any substance is heated to 
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incandescence in a vacuum, it throws off into the space sur- 
rounding it vast quantities of electrons—invisible small par- 


ticles of negative electricity. 


Some substances throw off electrons much more readily than others, and 
the hotter the substance the greater is the number of electrons emitted. 
The reason for this is that all matter is largely composed of these particles 
of negative electricity, which are always in rapid and violent motion. The 
increase of temperature increases the speed and violence of their motion. 
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| Fic. 7,244.—How a tube works 6. Many of the electrons which are speeded up by the positive 
grid will pass between the grid wires and goto the plate, but some of them will be collected by the 


grid and establish a current in the grid circuit. 





Fic. 7,245—How a tube works 7. If the grid be kept negative with respect to the filament no 
current will flow in the grid circuit, and the plate current will be reduced due to action of the 
grid in forcing some of the electrons back to the filament, as shown. 


There is always an attractive force between electrons and the sub- 
stance, but when they attain a high speed, some of them overcome the 
attractive force and are “bumped off’’ only to return again unless some 


outside force carries them away. 


Electron and Current Flow.—If a plate be placed in a tube 
and kept positive with respect to the filament the electrons 
leaving the filament and attracted by the positive plate will 
flow from the filament to the plate as in fig. 7,246. 
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Again if the plate be kept negative with respect to the fila- 


‘ment the electrons which tend to leave the filament will be 


held against it by the repulsion due to like negative charges as 
in fig. 7,247. 


In the first instance, as stated, electrons flow from a heated substance 
to a positive plate. This direction of flow is contrary to the usual con- 
ception of the direction of flow of electricity, which is considered to be 
from positive to negative. The reason for this is that before the discovery 
of electrons, experimenters decided to consider that current flowed from 


tHEATED SUBSTANCE = ELECTRONS 


( FILAMENT) 





PLATE 
(POSITIVE) 





BACK ON FILAMENT 
BY NEGATIVE PLATE 


Fics. 7,246 and 7,247.—Vacuum tube diagrams illustrating electron flow. 


ELECTRONS manent | 


ELECTRONS FLOW 
TO PLATE 


positive to negative as a sort of arbitrary rule. This rule has continued 
in use even though later experiments seemed to prove the contrary to be 
true. Therefore, current is always considered to flow from positive to 


negative, although the electrons actually travel in the opposite direction, 
as in fig. 7,246. 


NOTE .—Space charge. According to Prof. Taylor, if the space between filament and plate 
were to be filled with electrons, similar to the droplets of water in a cloud, then this charge 
would be called a space charge. At any point in space in the vicinity of a negative charge the 
electric field is such that it tends to repel. another negative charge. Thus it is seen that between 
the filament and plate there is an electric ‘field due to the plate tending to pull electrons to it, 
while at the same time there is another electric field repelling the electrons away from the plate, 
due to the space charge. Asa result of the repelling action of the field caused by the space 
charge it 1s evident that the resultant electric field intensity is less than that produced by the 
B battery alone, in the space between filament and plate. From the lessened field strength it 
follows that fewer electrons will move from filament to plate during each second, and conse- 
quently smaller current will flow because of it. In general, it can be stated that anything 
which reduces the intensity of the electric field in any region of space will decrease the current 
through that space. 
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Fic. 7,248.—Two element tube consisting of filament and plate. 
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Fic. '7,249.—Two element vacuum tube used as detector. 
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Fic. 7,250.—Vacuum tube diagram illustrating electron and current flow. 
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NOTE .—Assume a microscopic eye and see what is happening within the radio tube as the 


filament temperature rises. 


Electrons will be seen coming out of the filament and moving 


away from it, in the direction of the plate. In fact, it is probable the appearance of the electrons 
would be similar to a cloud of water vapor formed in a valley between two high hills. As the 
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FILAMENT 
Fics. 7,251 to 7,254.—Views of two, three, four and five element vacuum tubes. 
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Fics. 7, 


255 to 7,258.—Diagrams of two, three, four and five element vacuum tubes. 


rays of the setting sun ceased to 
strike the valley, the earth would 
tend to cool by the process of radi- 
ation. As a consequence of this 
cooling of the earth and air above 
it, moisture would condense in the 
form of fog. As time went on into 
the evening more cooling would take 
place and more fog would form. 
After sufficient time the fog would 
fill the valley and perhaps reach 
the top of the surrounding hills. 
In a very similar way the micro- 
scopic eye would see a cloud of 
electrons first form around the fila- 
ment). However, in a very short 


‘time this cloud would expand until 


it reaches and surrounds the plate. 
Now since the plate is in a region 
surrounded by electrons the voltage 
of the plate would necessarily be 
low. In fact, it would be lower than 
the voltage of the filament. As the 
temperature of the filament became 
constant, a‘ cloud of electrons 
would be seen filling the tube, also 
coming out of the filament with the 
simultaneous disappearance of 
others as they condensed into the 
filament again. At this state let 
the temperature of the filament be 
raised and again observe what takes. 
place. If this be done, what might. 
be called an explosion of electrons. 
from the filament will be observed.. 
With an increase in filament tem- 

perature more electrons will prob- 

ably be present when equilibnum. 
attains than at the lower tempera- 

ture. This condition is similar to- 
the case where the temperature of 
a liquid is raised with the saturated 

vapor in contact with it. Asa 

result of the increased temperaturé 

of the liquid the vapor density also 

increases. 
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Two Element Tube.—Formerly the two element tube was 
used as a detector, but now it is employed chiefly as a rectifier 
in power supply units. Fig. 7,249 shows a hook up with the 
tube used as a detector. 


Three Element Tube.—This is a widely used type of tube 
and may be employed as a rectifier, detector, amplifier, oscil- 
lator, etc. This tube as shown in fig. 7,252 consists of @ fila- 
ment, grid and plate mounted in a high vacuum. 


GRID PLATE 


FILAMENT 


Fic. 7,259.—Three element tube consisting of filament, plate and grid. 


The plate is a sheet of metal mounted so as to enclose the filament al- | 
most completely. | 


A free electron acts as though it were a unit of negative electricity and 
as such it is strongly attracted by any object having a positive or eit re 
charge, and will be equally strongly repelled by an object having a negative | 
or similar charge. 

| 


Under operating conditions, the plate of the tube 7s kept | 
positive with respect to the filament and, therefore, attracts the free’ 
electrons to 1t. | | 


Neglecting the effect of the grid for the moment, it is evident that there : 
will be a continuous flow of electrons from the filament to the plate so. 
long as the plate is positive with respect to the filament and so long as 
electrons are fed to the filament as fast as they are emitted from the fila- 
ment. If this were not done, the filament would soon become positive 
because of the lack of negative electrons, and the plate would become 
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negative because of the surplus of negative charges. Under normal con- 
ditions, then, the negative terminal of a battery or dynamo is connected 
to the filament and the positive end is connected to the plate. The path 
of the electrons is then from the filament to the plate, and back through 
the battery or dynamo to the filament. 


Since an uncontrollea flow of electricity is seldom useful, the 
grid is inserted in the tube for the purpose of controlling thts flow. 
If the grid be held at the same pressure as the plate, it will aid the plate 

in drawing electrons from the filament. If the grid be held at the same 


pressure as the filament, it will neither aid nor hinder the plate in drawing 
electrons from the filament. 


4 FILAMENT——___, 3} 


1 2 
GRID PLATE 





SOCKET CONNECTION 


LOOKING AT BOTTOM OF BASE 


Fics. 7,260 to 7,262.—RCA Radiatron UX—226 three element amplifier tube; a.c. filament. 
It may be used for either radio frequency or transformer coupled audio frequency amplifica- 
tion. It is not ordinarily suited for use as.a detector or as a power output tube. 


If, however, the grid be kept negative, with respect to the filament, it 
will tend to drive back the electrons leaving the filament, and since the grid 
is between the plate and the filament, it will reduce the number of electrons 
which eventually reach the plate. 


If the grid be only slightly negative, many electrons will reach the plate 
through the open spaces between the grid wires, but the grid may be held 
sufficiently negative so that it will repel the electrons so forcibly that 
none is allowed to pass it, and the number reaching the plate falls to zero. 





4.482 Vacuum Tubes 





GRID PLATE 


HEATER |. 
FILAMENT §& CATHODE 


Fic. 7,253.—Four element tube consisting of heater filament, plate, grid, and cathode. 


Four Element Tube.—The constantly increasing use of alter- 
nating current for lighting homes has resulted in the adaptation 
of the vacuum tube as an eliminator of the A battery by heating 
the filament of the tube by alternating current. 

If the a.c. were applied direct to the filament of an ordinary 
tube, as it is employed in receiving sets, it would result in a 
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Fics. 7,264 to 7,266.—RCA Radiotron U Y-227 four element detector and amplifier tube. This 
is a general purpose tube containing a heater element which permits operation from alternating 
current. Itis designed for use either as a detector or as an amplifier in a.c. radio sets operating 
from the light socket. 
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periodic variation of the voltage of the grid and plate with 
reference to the center of the filament. 


PQ 8 RTs ee 


aot tT ae. ll 


This variation of the plate and grid voltage, would cause a corresponding 
variation in plate current, which would cause a disturbing noise in the 
head phones or loud-speaker. 


To obviate noise, a fourth element is introduced in the tube, this element 
being a device for heating the cathode (ordinary filament) by radiation. 
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Fics. 7,267 to7 ,269.—RCA Radiotron UY-224 four element screen grid radio frequency amplifier. 
This screen grid amplifier tube contains a heater element which permits operation from 
alternating current. It is recommended for use primarily as a radio frequency amplifier in 
carefully shielded circuits especially designed for it. It may also be effectively used as a space 
charge grid tube or as a double grid tube in special circuits. 





Alternating current tubes are also manufactured without the indirect 
heater. Such tubes have a relatively large filament and are used in circutts 
in which a center tapped resistor 1s connected across the external filament circuit . 


The plate and grid circuits are then returned to the center tap of this 
resistor. These tubes are used extensively in output stages and to a lesser 
extent in radio and intermediate audio frequency amplifiers. 


Five Element Tube.—The effectiveness of the four element 
screen grid tube, particularly as a power amplifier, is limited 
by secondary emission. This phenomenon is to be observed 
in practically all forms of electronic devices; secondary emission 
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Fic. 7,270.—Five element tube consisting of heater filament, plate, grid, cathode and screen 
grid. | 


is the emission of electrons by the anode (plate). caused by the 
bombardment of the original cathode ray. 


CONTROL GRID SCREEN GRID. 





CATHODE GRID 


Fic. 7,271—F ive element tube hook up showing how fifth element is used to eltminate secondary 
emtssion. ‘If the fifth element be placed between the plate and the screen grid, and connected 
to the filament or some very low positive pressure as shown in the diagram, it is at a much 
lower voltage than the plate. This tends to drive the secondary emtssion electrons back to the 
plate where they belong, and prevent distortion by avoiding any subtraction from the total 
plate current. Thus the five element tube has the advantage of high screen grid amplifica- 
tion, with a large power handling capacity in addition, which makes it especially suited for 
power audio amplification. 


As the electrons strike the plate at extremely high velocities, they knock 
off additional electrons. Also, the bombardment of the plate often heats 
it to an electron emitting temperature. In the ordinary triode, these 
electrons may float around for a fraction of a second and either return to 
the plate or join other electrons in the space charge. However, in the 
screen grid tube, because of the presence of another highly positive charge 
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on the screen grid, many electrons leave the vicinity of the plate and 
travel to the screen grid. These, by taking a direction exactly opposed 
to that of the electrons leaving the filament, partially nullify the effect of 
the original electrons which form the plate current. 


The reason for the five element tube is to reduce the secondary 


emission, making it possible to take full advantage of the 
screen grid amplification in power circuits. 
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CONNECTING STRIP 


Fic. 7,272.—Interior of five element (pentode) tube showing the arrangement of the five ele- 
ments. The cathode grid is connected internally to the mid-point of the filament. 


Fic. 7,273.—Five element tube base showing arrangement of the prongs. 
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In construction, the filament, control grid and plate are the 
same as in the three element tube, the screen grid is used to 
screen the control grid from the plate and the cathode grid or 
fifth element is used to screen the screen grid from the plate. 

The internal construction of the five element tube is shown 
in fig. 7,272 and its prong arrangement in fig. 7,273. 


ELECTRON FLOW DURING HALF WAVE 


moarrivi NO FLOW DURING HALF WAVE 


® 
Fics. 7,274 to 7.276.—The vacuum tube as a half wave rectifier. 
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The Vacuum Tube as a Rectifier.— When alternating current 
is applied to a tube so that the plate is alternately positive and 
negative with respect to the filament during the positive half of 
the a.c. cycle, electrons will flow from the filament to the plate 
as at A, fig. 7,274. 


However, when the current reverses during the negative half, no current 
will flow as indicated at B. A rectifier tube operating on this principle is 
called a half-wave rectifier. 
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Fics. 7,277 to 7,279.—The vacuum tube as a full wave rectifier. In the actual apparatus the 


hook up is such that the plate M, is positive during the positive half of the cycle and the 
plate S, is positive during the negative half of the cycle. 


6 
bees DOUBLE POLE i725 V. 


SINGLE THROW 
TUMBLER SWITCH 


DIRECTION OF 
CURRENT FLOW 





0 
115 V. 


“IO5V. 





DIRECTION] 


C > oF 


UPPER HALF 
OF 
TERMINAL 
BLOCK 





DIRECTION OF TO 
CURRENT FLOW BATTERY 


Fic. 7,280.—Wiring diagram of General Electric Tungar rectifier for charging a battery. In 
operation the ends of the secondary of the transformer are alternately + and — with respect 
to the center tap. Therefore, during gach half cycle of alternating voltage, the plate of one or 
the other of the Tungar bulbs is + with respect to the filament, and a current will flow during 
each half cycle first through one tube and then through the other. The current always flows 
out of the center tap of the transformer secondary into the positive side of the storage battery, 
through the battery, through the ammeter, and then through one or the other of the Tungar 
bulbs. This current is not the steady direct current which can be obtained from a battery, 
but a pulsating current which flows always in the same direction. It is satisfactory for charg- 
ing storage batteries but is not suitable for use where a steady direct current is réquired. 
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By adding another plate as in fig. 7,277, a uni-directional flow 
may be obtained during both halves of the cycle, in which case the 


tube is called a full wave rectifier. 


the principle just stated 1s shown in fig. 7,280. 
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Fic. 7,281.—Typical half wave rectifier circuit. 
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Fic. 7,282.—Typical full wave rectifier circuit. 
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The Vacuum Tube as a Detector.—The three element tube 
can be made to act as a detector by three different methods: 


1. By keeping the average grid voltage negative with respect 
to the filament by means of the C battery. Connect positive 


terminal to negative leg of the filament and negative terminal 
to the grid circuit. 
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Fic. 7,283.—Circuit of grid leak and condenser detector. 
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Fic. 7,284.—Circuit showing how leak may be connected from grid to filament, instead of 
across the grid condenser, as in fig. 7,283. 





2. By keeping grid positive by aid of battery. 
3. By using grid condenser and grid leak. 


Figs. 7,283 and 7,284 show two hook ups for the third method. 
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The first method is known as plate rectification, power detection, grid 
bias. In this method from 4 to 6 volts are applied to the grid of the tube 
to influence its operation by making it more or less negative. 


The grid bias is usually negative an determines the point of the char- 
acteristic curve at which the tube will operate. In a sensitive receiver, 
and particularly where a tube is used as an amplifier, it is essential to 
obtain as great a change of grid current as possible. The greater the 
change of grid current the greater the change in plate current and hence 
the more powerful will be the output. By applying a negative voltage 
on the grid, it is possible to hold it at the point of maximum response. 
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Fic. 7,285.—Detector circuit with three element tube and potentiometer control of grid bias. 
In operation the filament of the tube is heated by the A battery and the plate circuit is ener- | 
gized by the B battery, which maintains the plate positive. By connecting the grid return | 


lead to the potentiometer sliding contact any desired voltage within limit of the C battery , 
may be applied to the grid; this 1s called biasing. | 











A grid bias hook up is shown in fig. 7,285. 


Figs. 7,283 and 7,284 show two hook ups for the third | 
method for making a three element tube act as a detector. 
This method is based upon.the fact that the grid can act more or less 


in the same manner as the plate and attract electrons itself as soon as it 
becomes positive with respect to the filament. 


In operation, electrons are trapped on the grid, building up a negative 
pressure and the high frequency voltage variations on the gnd vary around 
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a mean grid voltage which becomes increasingly negative. This reduces 
the plate current, and if the grid were insulated from the rest of the circuit, 
the action if continued long enough, would finally reduce the plate current 
to a low value and the tube would be choked or stopped. To prevent this, 
after a wave train has been received, it 1s necessary to remove the accu- 
mulated negative charge from the grid in order to restore it to the initial 
condition for the arrival of the next wave train. 
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Fic. 7,286—Resistance coupled amplifier circuit 
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Fic. 7,287—Transformer coupled amplifier circuit. 


This can be done by connecting a high resistance R, from ] to 10 megohms, 
known as a grid leak, either across the grid condenser C, as shown in fig. 
7,283, or directly between the grid and the filament as shown in fig. 7,284. 


The Vacuum Tube as an Amplifier — When a three electrode 
tube is used as an amplifier, the grid ts kept at a negative voltage 


4,492 Vacuum Tubes 





with respect to the filament. This negative grid voltage is called 
the grid bias of the tube. If an alternating voltage be added | 
to the steady negative voltage of the grid, the relative negative | 


voltage between the grid and the filament will vary in accord- 
ance with the alternating voltage. 

Variations of the grid voltage will cause variations in the plate 
current. 
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Fic. 7,288.—Typical screen grid audio amplifier circuit. 
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Fic. 7,289.—Typical space charge grid audio amplifier circuit. 





As the grid becomes more negative the plate current decreases and as 


the grid voltage becomes less negative the plate current increases. If an 
electrical impedance, such as resistance, be placed in the plate circutt, 
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between the plate and the battery, a voltage will be produced across it 
in proportion to the plate current. 


When an alternating current is impressed on the grid, a 


‘pulsating voliage will be produced across the resistor in the 
‘plate circuit. » 


If the resistance in the plate circuit be sufficiently high, the pulsations 
of the voltage produced in the circuit will be greater than the alternating 
voltage impressed on the grid. Therefore, three electrode vacuum tubes 
can be used to amplify (increase) variations of voltage. 


Various types of tubes are used for various purposes. 
Tubes designed primarily to amplify alternating voltages, where the 
energy output is not important, are called voltage amplifier tubes. 


Tubes designed primarily to give a large energy output are called power 
amplifier tubes. 


TEST QUESTIONS 


1. What is the difference between a vacuum tube and a 
| valve? 


2. Give a classification of vacuum tubes. 
3. What is an electron? 

4. What is the polarity of an electron? 
5. Explain electron and current flow. 

6 


. What happens if the plate be a, positive, or b, nega- 


tive, with respect to the filament? 


7. Is the popular idea that electricity flows from positive 
to negative, correct? 


| 8. Describe a two element tube and explain its uses. 
9. How does a three element tube work? 
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10. 
11. 
12. 
13. 


14. 


15. 
16. 
17. 


18. 


19. 
20. 


21. 
LD: 
ZO 


Name the various uses made of three element tubes. 
What duty is performed by the grid? 
Describe the four element tube. 


How does the fourth element operate to eliminate 
noise? 


What is the objection to the four element screen grid 
tube when used as a power amplifier? 

What is secondary emission? 

What is the reason for the five element tube? 

Explain the operation of the vacuum tube as a rec- 
tifler. | 
What is the difference between a half wave rectifier 

and a full wave rectifier? 


Draw a circuit diagram of the Tungar rectifier. 


Name three methods by which the three element tube 
can be made to act as a detector. 


Explain plate rectification. 
Draw a diagram showing a grid bias hook-up. 


Explain in detail how a vacuum tube is used as an 
amplifter. 
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CHAPTER 176 





Principles of Receiver Circuits 


Any electrical circuit used in connection with the reception 
of radio 1s a receiving circuit. 


The more important receiving circuits using vacuum tubes 
are the 


1. Regenerative 6. Neutrodyne 
2. Super feed back 7. Heterodyne 
3. Tuned frequency 8. Autodyne 
9. Super-heterodyne 
4. Reflex 10. Super-heterodyne with second 
5. Inverse duplex harmonic oscillator 


There are various modifications of these circuits. The basic 
principles governing the working of standard receiving sets has 


been very clearly presented by Howard M. Jenkins, and will 
be included in the matter following. 


Feed Back Regeneration.—The amplifying properties of the 
three element tube can be employed to obtain what is known 
as regeneration. 

Since it is possible to have greater output energy than input 
energy, part of the output may be returned to the input side, 
thus resulting in amplification of energy or 1n regeneration. 


The first advance over the simple sets was the discovery that a small 
part of the amplified energy might be “‘fed back” to the grid circuit, and 
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Fic. 7,290.—Combination diagram showing arrangement of the different units of a typical receiver with circuit diagram and wave 
chart showing how the radio waves are modified by each unit; that is, how the inaudible waves first picked up by the aerial undergo 


successive changes en route to the loud speaker, 
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combining with the incoming signal further increase the plate output 
This process, if led to continue, and if the power feed back be enough to 


counteract all losses in the circuit, will build itself up until the circuit 
oscillates” with disastrous results to the clarity of the signal. The best 
amount of feed back is just below this point of oscillation 
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Fics. 7, ie: to 7,293.—Circuit diagrams showing various methods of coupling. Fig. 7,291, 
electrostatic; fig. 7,292, inductive; fig. 7,293, 


conductive. 


There are three methods of feeding back the plate current 
to the grid. 


1. Capacity coupling; 
2. Conductive coupling; 
3. Inductive coupling. 
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All of these return part of the amplified energy to the grid 
circuit. | 


Super Feed Back.—With the ordinary sets there is a limit 
to the possible regeneration. This difficulty is overcome in the 
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Fic. 7,294.—Diagram illustrating principle of feed back regeneration. 
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Fic. 7,295.—Diagram illustrating principle of super feed back. 
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super-regenerative sets. These make use of the principle that 
by introducing into the circuit an alternator, whose frequency 
is above audibility, the feed back will periodically be raised 
and lowered about the oscillation point. By this means a tre- 
mendous feed back is possible, although the set is somewhat 
“critical’” and difficult to adjust. The alternating current 1s 
usually produced by an electron tube oscillator, which may 
be a separate tube, or the detector tube itself. 
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Fic. 7,296.—Diagram illustrating the principle of tuned radiofrequency. The usual method of 
tuning is by means of a variable condenser in parallel with the secondary of the radio fre- 
quency transformer. A potentiometer is used to control oscillations, as the greatest amplifi- 
cation is obtained when the circuits are operated just at the point before self-oscillation starts. 
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Tuned Radio Frequency.—JThe word tuned is defined as 
brought into resonance with the desired signal. A tuned radio 
frequency circuit is one in which the radio frequency amplifier 
circuits may be tuned to the desired wave lengths by varying 
the inductance or the capacity or both although the usual 
method of tuning is by means of a variable condenser in parallel 
with the secondary of the radio frequency transformer. 
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The Reflex Principle.—The reflex idea is one of many which 
aim to extract the maximum use of a tube or a group of tubes. 

Briefly, the incoming wave is passed through radio frequency 
amplification, 1s then rectified by the detector, and then passed 
again through the same tubes as used for the radio frequency 
amplification, but which now functions as audio frequency 
amplifiers. 


The current is guided through this tortuous path by inductances and 
condensers which, if proper values be used, are supposed to keep the 
current to this path. 
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Fic. 7,297.—Wiring. diagram of the Carborundum single tube reflex receiver modified with 


a second audio stage amplifier to provide good loud speaker volume on strong signals. V2 
is the added tube arranged as a second stage.of a.f. amplification. 
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The reflex circuit was invented by Marius Latour. 


A typical four tube reflex set uses the second and third 
tubes as amplifiers simultaneously for both the radio and the 
audio frequency amplification. 


As a result the four tubes are made to produce the effect of six. Reflexing 
may be accomplished in a number of different ways. In some cases all 
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the tubes are made to work twice. In other cases, only a part of the tubes 
are used for dual amplification. 


Inverse Duplex Principle.—A slight commercial variation of 
the reflex circuit produces the so called inverse duplex. This 
is essentially a reflex set, the refinement being that the work 


1s evenly distributed between the tubes so that none is overloaded 
as in the straight reflex. 
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Fics. 7,298 and 7,299 .—Diagrams showing current paths in ordinary reflex circuit and 1n inverse 
duplex circuit. In the inverse duplex circuit, fig. 7,299, the incoming signal reaches the first 
tube where it is amplified at radio frequencies and passes to the second tube, where it 1s again 
amplified at radio frequencies. From the second radio frequency tube, it 1s passed to the 
detector tube, where it is converted to audio frequency. The current then flows back to the 
second radio frequency tube which is now used as an audio frequency amplifier. Thence it 


flows to the first radio frequency tube which acts as the second stage of audio frequency 
amplification. 


That is, the tubes which are reflexed operate more efficiently since the 
relatively weak radio currents pass through the same tube as the stronger 
audio currents and vice-versa. 


The inverse duplex circuit (invented by David Grimes), like the reflex 
circuit uses the tubes for double duty, the first radio frequency tube being 
employed also as a second audio frequency tube and the second radio fre- 
quency tube also as a first audio frequency tube. 
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Neutrodyne Principle.—The neutrodyne circuit 1s the inven- 


tion of L. A. Hazeltine. The typical neutrodyne receiving set 
uses five tubes, employing two stages of tuned and neutralized 
radio frequency amplification, with detector and two audio fre- 
quency stages. 





In the neutrodyne circuit the feed back tendency of the radio frequency 
amplification with consequent oscillation, is eliminated. This is done by 


2 CIRCUIT 


ex 





* 3 CIRCUIT 7 4 CIRCUIT 


Fics. 7,300 to 7,303.—Diagram illustrating the designations, one circuit, two circuit, three 


circuit and four circuit sets. 


specially designed small size neutralizing condensers placed between suc- 
cessive tubes. The special neutralizing condensers are called meutrodons. 
The capacity of these is very low, being approximately equal to the in- 
ternal capacity of a vacuum tube. By reason of this equality, any ten- 
dency of a large amount of radio frequency current to pass back through 
the tube through the grid is defeated and instead is neutralized by the 
combination of the neutralizing capacities, the inter-element capacity of 
the vacuum tubes and the secondary windings of the tuned radio frequency 
transformers. This effect is in reality a bucking one, since the current 
is made to take two paths. 
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Each neutralizing condenser must be adjusted so that its 
capacity will equal that of the vacuum tube it 1s connected with. 


This makes possible higher ratios of radio frequency amplifications and 
if the transformers be of the tuned circuit type (by means of a variable 
condenser shunted across the secondary) the set is made very selective. 
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Fic. 7,305.—Neutrodon variable condenser for neutralizing radio frequency circuits in neutro- 
dyne receivers. 
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Fic. 7,306.—Five tube neutrodyne set. If properly built and adjusted thc neutrodyne circuit 
cambines ease of control with selectivity. It is excellent for both local and distant reception. 
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Fic. 7,307.—Neutrodyne.—This set embodies the principle of tuned radio frequency. The advantage of this over the untuned 
type lies in the fact that in the latter a frequency peak is reached too quickly. This limits the receiver to the wave band over 
which the radio frequency transformers will function. In the neutrodyne, however, the peak is so high that the receiver will 
function equally well,on long and short wave lengths. It is also famous for its long distance reception. Either an outside 
aerial or a loop may be used. | | . 
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The neutrodyne principle is applied to the radio frequency alone, the 
subsequent amplification circuit after the detector, if any, may be straight 
non-regenerative amplification, or the same circuit may be made regeriéra- 
tive by adding a variometer; or perhaps the set may be re-flexed. 


The Heterodyne and Autodyne Principles.—This is the 
principle of the formation of a “‘beat’’ note by the superimposition 
on the incoming wave of a second wave of a slightly different fre- 
quency, either a little higher or lower than the incoming or 
fundamental wave. 
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Fic. 7,308—Diagram illustrating the heterodyne principle. If R, be tuned to incoming signal 
wave length, and H, to a different frequency the difference is the beat frequency which will 
be rectified by the detector and audible in the head phones D. 


This beat note will pass through the detector and be made audible in 
the phones in the ordinary manner. There are two advantages of this 
arrangement; first, the incoming wave is materially strengthened by the 
added wave; second, the selectivity is greatly increased, for not only is the 
regular resonant circuit employed but the formation of the beat note itself 
is a highly selective process. 


The added alternating current wave may be produced by a 
separate electron tube oscillator, in which case the set is hetero- 
dyne, or the detector tube may be made to function as an oscil- 
lator, also in which case the set is autodyne. 


Y \ employs tubes, notably the regenerative circuits. Rightly understood and 
< \\ utilized it is of importance in all kinds of reception and is necessary for the 
\\ 74 best results in C. W. code work. However, the average amateur does not 
realize when his set is heterodyning and fails to diagnose and allow for this 
condition, which is, to him, unwanted. Familiar manifestations of the 
pressure of beat notes are distortion, and the whistles, squeals and howls 
with which every operator of a regenerative set 1s acquainted. 
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Fic. 7,309.—Block diagram showing general arrangement of super-heterodyne set. 
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Fic. 7,310—Diagram illustrating the essentials of super-heterodyne set. This typical six tube set comprises an oscillator, first de- 
tector, two intermediate stages, second detector, and one audio frequency stage. 


90S" 


SJINDIID IaAlavay Jo Saldioulld 





Principles of Receiver Circuits 4,507 


The Super-Heterodyne Principle.—The super-heterodyne’ 
circuit combines the advantages of the audio frequency and 
‘the radio frequency amplification. From a structural and 


Fic. 7,311.—Frequency changing portion of super-heterodyne circuit. A vacuum tube T, is 
connected as a detector and has a tuned grid circuit Li, Ci, and a tuned plate circuit Le, Ce. 
Circuit O, which has a steady high frequency current flowing in it, 1s coupled to the grid 


circuit by the coils. Zn operation, a resultant or beat wave is obtained as in figs. 7,312 
to 7,314. 
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Figs. 7,312 to 7,314.—Heterodyning of two currents. Assume that the circuit Li, Ci (in fig. 
7,311), is tuned to an incoming signal at 1,500 kilocycles and that circuit O,is connected to 
an oscillator adjusted to have a frequency of 1,470 kilocycles. ‘This gives a combination of 
two frequencies impressed across the grid circuit of the tube. These two frequencies combine 
to produce a resulting wave, as shown in 7,314, which has a frequency equal to the difference 
of the two waves, or 30 kilocycles. This different frequency which will be present in the plate 


circuit is called the intermediate frequency, and is always a lower frequency than either of 
the other two. 
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Fic. 7,315.—Super-heterodyne.—Trans-continental reception with this type of receiver is not uncommon. This set employs 
an oscillator and two detectors, three stages of radio frequency and two of audio. Tuning is accomplished by means of two 
variable condensers and one or two potentiometers. An outside antenna is not necessary. List of parts: 1, loop aerial; 2, 
first detector tube; 3, oscillator tube; 4, coil 4” dia. 6 turns No. 20 D.C. C. wire; 5, coil 384” dia. 29 turns No. 20, D. C. C. 
wire; 6, coil 234” dia. 2 layers, 20 turns each; 7, 25 layers, 12 turns per layer total 300 turns; 8, radio frequency transformer; 
9, 2 megohm grid leak and .00025 fixed condenser; 10, single closed circuit. jack; 11, audio frequency transformer; 12, loud 
speaker; 13, .00025 fixed mica condensers; 14, .001 fixed mica condenser; 15, 1st radio frequency tube; 16, 2nd radio frequency 
tube; 17, 3rd radio frequency tube; 18, 2nd detector; 19, 1st audio frequency tube; 20, 2nd audio frequency tube; 21, rheostats; 
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flexibility point of view, audio frequency is the ideal, while 
from an electrical standpoint, radio frequency is superior. 
Super-heterodyne combines both of these advantages, by con- 
verting the incoming high frequency wave to a beat wave of 
intermediate frequency by means of superimposed oscillations. 

Briefly, the super-heterodyne method of reception is one in 
which current is generated by a local oscillator at a frequency 
which, after combining with the original signal current, will be 
converted into an intermediate frequency beat current. 
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Fic. 7,316.—Diagram illustrating principle of super-heterodyne with second harmonic oscillator. 
The oscillatory circuit M, is tuned to the frequency of the incoming signal, the circuit V, 1s 
tuned to one-half the frequency of the incoming signal plus or minus one-half the intermediate 
frequency, and the circuits H, and D, are tuned to the intermediate frequency. 


The intermediate beat current, which is low in frequency, can be ampli- 
fied with minimum loss due to inter-electrode capacity, and then passed 
through the detector tube to be converted again, this time into an audio 
frequency current which is capable of reproducing the original signal wave 
in the phone or loud speaker. 


This frequency as stated is sufficiently low to permit the use of audio 
frequency type amplifying transformers with their attendant advantages, 
and yet retain the advantage of amplification before detection. After the 
detector, the rectified wave may be still further amplified in the regular 


Fic. 7,315.—Text continued. 


'22, 400 ohm potentiometers; 23, volt meter; 24, ammeter; 25, .001 vernier variable con- 
denser (43 plates); 26, .0005 vernier variable condenser (23 plates); 27, switch; 28, .002 by 
pass condenser; 29, 45 volts B bat.; 30, 6 volts storage A bat.; 31, C bat. 
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manner. This arrangement is theoretically one of the best methods for 
the reception of short wave lengths. 


Super-Heterodyne with Second Harmonic Oscillator.—In 
this hook up the second harmonic oscillator 1s operated on the 
principle that an oscillating vacuum tube circuit generates a cur- 
rent of fundamental frequency, and also produces other oscilla- 
tions which are multiples of the fundamental frequency. 


These upper frequencies in multiples of the fundamental are called 
harmonics, several of which are strong enough to be utilized in the same 
way as the fundamental. 
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Fic. 7,317.—Super wave trap. This is a tuned oscillatory circuit and is used to eliminate 
interference. It consists of an inductance coil having a primary and a secondary winding. 
The variable condenser is placed in the secondary winding circuit as Shown. 


Another feature of the circuit is the reduction in the number of tubes 
accomplished by reflex action. The radio frequency tube is made to per- 
form the double duty of amplifying both the intermediate current and the 
incoming signal current. 
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Wave Trap.—A successful method of cutting out local inter- 
ference is by means of a wave trap. The trap comprises a 


variable condenser placed in parallel with a coil. 


A switch 


across the coil permits switching out the trap and again re- 
ceiving broadcasting from the local stations. 
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TEST QUESTIONS 


. What is a receiving circuit? 

. Name the circuits used in radio Sets. 

. Explain feed back regeneration. 

. Name three methods of feeding back the plate current 


to the grid. 
What principle is employed to obtain super feed back? 


. What difficulty is encountered in super regenerative 


sets? 


. Define tuned radio frequency. | 
. What is the usual method of tuning in a tuned radio 


frequency set? 


. Explain the reflex principle. 


. What use is made of the second and third tubes in a 


typical four tube reflex set? 


. State the inverse duplex principle. 

. How are the tubes used in the inverse duplex circuit? 
. How many tubes are used in a typical neutrodyne set? 
. How does a neutrodyne set work? 

. How is each neutralizing condenser adjusted? 
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16. 
17. 


18. 
19. 
20. 
Die 
077 


Zo 


What name is given to a neutralizing condenser? 

How is a high radio frequency amplification obtained 
in neutrodyne sets? 

Draw a diagram of a neutrodyne Set. 

State the heterodyne and autodyne principles. 

What is a beat note? 

How does an autodyne set differ from a heterodyne set? 

State, 1, the super-heterodyne principle, 2, super- 
heterodyne with second harmonic oscillator. 

What is a wave trap? 





—— ™ 
7: 


PHONOGRAPH CONNECTION 


Radio Circuit Diagrams 4,513 





A.C. CABLE: 


= 


CHAPTER 177 


Radio 
Circuit 
Diagrams 


Fic. 7,318.—Circuit .diagram of 
super-Zenith receiver. The cir- 
cuit comprises: three stages of 
screen grid 7.f., a screen grid 
power detector, one resistance 
coupled stage and one stage of 
pusk pull audio amplification. 
A special capacity coupling is 

used between the 7.f. stages. The coupling com- 
prises a single band of bus bar wire. This band is 
connected from the plate terminal of the preceding 
7.f. stage and coupled to the grid coil of the fol- 
lowing 7.f. stage. The position of this band is per- 
manently adjusted at the factory and should never 
be altered or tampered with unless the available 
line voltage be extremely low. The distance from 
the coupling band to the grid or top end of the 7.f. 
coil entirely governs the stage coupling and eff- 
ciency of the set. If this band be too close to the 
grid end, excessive coupling will result, causing a 
decided lack of selectivity. If the band be placed 
too low, the result will be a lack of sensitivity. 
Midway between the coil winding is the most effi- 
cient operating position. If it be found necessary 
to reset this band, insulating cement or other 
fastening substance should be applied to hold it 
in position. Loose vibration would cause fre- 
quency flutter. The7.f. plate chokes are concealed 
beneath the 7.f. coil base, between, the base and 
sub-panel. These chokes have an inductance of 
6.75 m.h. and can be distinguished from the de- 
tector plate choke by the fact that they have 150 
less turns. If an occasion arise which necessitates 
removing an 7.f. choke, the serviceman should 
make certain that the 4 in. spacing is maintained 
between the choke and the 17.f. coil base. Occa- 
sionally and especially if the’receiver remain idle 
for a long length of time, it may have a tendency 
to oscillate. This is always due to poor contact 
between the wipers and rotor bearings of the vari- 
able condenser gang. It may be overcome by 
cleaning both parts with fine sandpaper or by re- 
volving the dial several times to remove oxidization 
at that point. 
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Fic. 7,319.—General Electric screen grid super-heterodyne receiver. I comprises a coil and condenser tuning circuit; tuned 
7.f. stage using Radiotrons UY-224, the output of this stage being coupled capacitively to the grid circuit of the first detector. 
The plate circuit of the 7.f. stage has a high inductance coil, the oscillator output 1s coupled inductively to the grid coil of the 
first detector. There are two intermediate amplification stages and push pull a.f. stage. 
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Fic. 7 ,320.— Diagram of Bosch model 48 receiver showing the tuning amplifying action of the various stages. The illustration 

is divided ICO SIX sections, lettered A to F. The graphs of these sections tend to show the type of reception which might be 

expected if ear phones could be connected successively in each of the receiver sections at the points marked X. The ten hori- 


‘zontal divisions of each graph represent the corresponding number of degree 
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Fic. 7,321.—Silver Mar- 
shall ‘‘Bearcat’’ short 
wave receiver for use on 
automobiles. 
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Fic. 7,322.—Schematic diagram of Super-Wasp battery model receiver for long and short waves. The various ground symbols 
indicate connections to the metal chassis of the receiver. For building this set the necessary parts are: 1 No. 705 front panel, 
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‘ < : : C15—3rd RF Screen By-Pass Condenser .5 mfd. R3—Ist RF Screen Resistor 25,000 ohms 
CIS |— arf oa ec C16—Detector Plate By-Pass Condenser .001 mfd. R4—2nd RF Grid Resistor 500 ohms 
) oc a2 Vomsa: Tap Swe? C17—Ise and 2nd RF Plate By-Pass Condenser 5 mid. R5—3rd RF Grid Resistor 500 ohms 
© : Ci8—3rd RF Plate By-Pass Condenser .§ mid. R6—1st RF Bias Resistor 1500 ohms 
TT 2 | “77 Cho RE eee C19—Filter Condenser | mfd. R7—2nd RF Bias Resisror 1500 ohms 
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FILAMENT C6— Detector Alignment Condenser C23-—Detector Plate By-Pass Condenser 00! mfd. R 12—Audio Center Tap Resistos 
Fics. 7,323 and 7,324.—Schematic wiring diagram Bosch model 48 receiver. In fig. 7,324 follow this portion of diagram for sets 


using volume control having resistances of 10,000 and 5,000 ohms. 

Fic. 7,322 .—Text continued. 
714 X18 X\% ins., drilled and engraved; 1 No. 706 sub-panel, 8 X17 X!/16 ins. drilled with all mounting and wiring holes; 4 No. 37 
mctal sub-panel brackets; 2 No. 1611 .00016 mf. variable condensers; 1 No. 1613 .00025 mf. variable condenser with bakelite 
knob; 2 No. 1282 illuminated vernier dials; 1 No. 906 rheostat, 6 ohms; 1 No. 961 tapped resistor; 2 No. 600 special Super- Wasp 
shieid cans; 1 No. J5 midget condenser, 5 plates; 2 No. 391 audio amplifying transformers; 2 No. 212 five prong sockets, for plug m 
coils; 2 No. 213 four prong sockets, for audio tubes; 2-No. 206 four prong shock proof sockets, for 222 and detector tubes; 2 
pairs grid leak clips; 1 No. 758 3 megohm grid leak; 1 No. 750 100,000 ohm grid leak; 1 No. 50B fixed condenser, .0001 mf.; 
5 No. 59 fixed condensers, .01 mf.; 1 No. 130 RF choke coil; 2 sets of plug in coils, 4, packages of hardware. 
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Fic. 7 ,325.—United States “Apex” No. 49, 5 tube battery chassis complete assembly, 
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Fics. 7,326 and 7,327.—Schematic diagram of 
Silver Marshall ‘‘round the world”’ screen grid 
short wave six a@.c. receiver. The parts for 
building this receiver are: B, 1 SM 721 
metal chassis with power cover; E, 1 S-M 812 
control escutcheon; D, 1 S-M 810 R (right) (C6): 
illuminated drum dial; Cl, 1 S-M 314 .00014 
mfd. variable condenser; C2, 1 S-M 342 B ; 2. 
.000075 mfd. midget condenser; L1, 4 S5S-M 

plug in coils, 131L, 131M, 131N, 1310; L2, L3, 

L4, 3 S-M 277 short wave 1r.f. chokes; L6 and L7, 2 S-M 275 17.f. chokes; L5, 1 S-M 338 filter choke; also the following: 


SH1, 1 SH2, 2 S-M 636 tube shields; T1, 1 S-M 260S audio transformer; T2, 1 S-M 270U push pull inpu 

S-M 336U power transformer and 1 S-M 818 hook up wire; C3, 1 Polymet -00015 mfd. fo pate a onc vg Cs, 
2 Potter 30B by-pass condenser banks; C6, 1 Potter 674C filter condenser block; S1, 1 C-R 224 tube socket; S2, S3 and S7, 
3 C-R 227 tube socket; S4 and 55, 2C-R 245 tube socket; 56, 1 C-R 280 tube socket; R2 and R3, 2 Durham 10 (000 ohm, 2 watt 
resistors (green); R4, 1 Durham 2 megohm, 1 watt resistor (red); R5, 1 Durham 200 ohm 1 watt resistor (white): R6 and R7 
2 Yaxley 840C 40 ohm CT resistor; J1, J2 and J3, 3 Yaxley 422 insulated tip jacks; J4, 1 Carter 2A closed circuit jack; R1 1 
Carter RU 400-400 ohm resistor; R8, 1 Ohio carbon 800 ohm 3 watt resistor (green); SW, 1 H & H 1561 rotary on and off switch; 
BP1, BP2, BP3 and BP4, 4 moulded binding posts; 2 KK817 brown wood knobs; 1 cord and plug, 35% * 14 in. RH machine 
screws; 5 114 X% RH machine screws; 2 134 X*g RH machine screws; 40 %% nuts; 40 No. 6 lock washers; 2 1144 X14 hollow 
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Fic. 7,328.—Bottom view of Silver-Marshall ‘‘round-the-world”’ screen grid short wave six a.c. receiver showing in detail the : 


placing of parts and wires. It comprises: a fully a.c. operated screen grid short wave receiver with self contained power sup- 
ply. There are four plug in coils. The receiver tunes from 16.6 to.195 meters and by means of two additional plug in coils, 
its range is increased up to 592 meters. It may be used with an indoor or outdoor antenna. The circuit consists of one stage 
of untuned a.c. screen grid 7.f. amplification (224 tube) followed by a 227 tube tuned detector employing plug in coils with 
controllable regeneration. The detector is transformer coupled to a type 227 first audio stage which in turn feeds.a 245 push 
pull power output stage. The power supply, operating from ary 105 to 120 volt, 50 to 60 cycle a.c. lighting circuit, provides 
all A, B, and C power for the receiver, and field power for an S-M type 851 d.c. dynamic speaker the field of which (1900 ohms) 
is included in the power supply filter circuit. The receiver is provided with three controls. 
Fics. 7,326 and 7,327.—Text continued. : 

coil studs; 7 soldering lugs; 3 sets (one plain, one extruded) binding post insulated washers; 3 extruded tip jack washers; 3. plain 
instrument washers; 4 ft. No. 14 stranded wire; 1 grid clip. 
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Fic. 7,329.—Wiring diagram for Grebe synchrophase a.c. six receiver designed to operate on 
110 volt 50-60 cycle a.c. supply. 
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Fic. 7,330.—Wiring diagram for Grebe synchrophase a.c. seven receiver. It was necessary in 
~ the design of this instrument for a.c. operation, to include an external power unit to supply 
the filament, plate and grid bias voltages. 
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Fic. 7,331.—Pilot “P. E. 6” screen grid broadcast receiver. It is an inexpensive outfit that can be assembled and wired in a few 
hours. The circuit comprises two stages of tuned radio frequency amplification using screen grid tubes, with both the tubes 
and the R. F. transformers fully shielded; a non-regenerative detector, and a modern audio amplifier system of the push-pull type. 
Tuning is accomplished by a single illuminated vernier dial, the only other controls being a power switch and a volume knob. The 
set 13 fully a.c. operated, all the necessary filament, grid and plate voltages being furnished by a Pilot K-111 power pack, sup- 


plied with the K-124 kit. 
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Fic. 7 ,332.—Circuit diagram for Stewart-Warner 950 screen grid receiver. It ernploys a combination of inductive and capacita- 
tive coupling in the R. F. stages, thus producing a flat sensitivity curve over the entire broadcast band; the inductive coupling 
being most effective at the lower frequencies, and the capacitative at the higher frequencies, . | 
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Fic. 7,333.—Circuit diagram of RCA a.c. screen grid super-heterodyne Radiola 82. Voltage 105-125; frequency 50-60 or 25-40; 
power consumption 120 watts, 1 stage 7.f.; 2 intermediate stages; 1st stage (push pull) a.f. The tone control consists of a 40,000 
chm potentiometer in series with a .025 mfd. fixed condenser. This arrangement is shunted around a choke placed in the second 
cetector plate circuit. With the resistor arm at the extreme “‘high”’ position, the reactor is shorted and the full amount of the 
resistance is placed in series with the condenser, thus giving the normal fidelity of the receiver. As the potentiometer arm is 
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Fic. 7,334.—Atwater Kent Model 55 six tube (and rectifier) a.c. receiver. This model does not require a long aerial. Two aerial 
posts are provided on the set marked “long antenna and short antenna.’” The long aerial post will give greater selectivity and 
should be used if the aerial be 30 ft. or more in length. The short aerial post should be used if a very short (inside) aerial be 
employed. If extreme selectivity be desired use a short aerial connected to the long aerial post. Indoor aerials for Model 55 
should be erected as far as possible away from grounded metal, such as‘pipes, electric wiring, etc. Ground connection must be 
used with Model 55. This set will also not operate (as some a.c. sets do) with either aerial post connected to the ground. The 
two a.f. output tubes used in the audio stage should be matched_on a tube tester, otherwise the set may hum. Do not use 
any other model of Atwater Kent speaker with Model 55, than the type F-4 or F-4C. Do not remove speaker plug from socket 
when set is in operation. The set should be operated with the local distance switch in the local position when receiving nearby 
stations. Failure to do this may result in overloading of the detector tube, which will be evidenced by a decrease of output 
volume at the resonant point on the tuning dial, as well as a slight ragged type of distortion on strong stations. 
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Fic. 7,333—Tex? continued. 


moved toward the extreme “‘low’’ position, the choke and condenser both become effective, and thus reduce the high frequency 
output of the receiver. The amount of this reduction is dependent on the position of the potentiometer arm, operated by the 
tone control knob. 
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Fic. 7 ,339.—Schematic diagram of Majestic screen grid super-heterodyne receiver. ‘Fhe set comprises a rectifier, an oscillator 
cirewit, aerial compensating condenser, first and second detectors, one'r.f. and one 7.f. amplification stage, 7.f. choke, power 


amplifiers and speaker. a isan | 
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Fic. 7,336.—Schematic diagram of Stromberg-Carlson No. 12 receiver. It employs three UY-224 screen grid tubes. The radio 
amplifier comprises five tuned circuits as well as a broad band inter-stage coupling transformer. Four of these tuned circuits 
are used in two ‘‘Bi-resonators’”” while the fifth is used to couple the radio amplifier to the detector. An automatic volume 
control circuit is employed, using a UY-227 tube. The detector also uses a UY-227 tube, and is coupled to the first audio (UY- 
227) tube by means of a low ratio transformer. This first audio tube is coupled to the push pull UX-245 output tubes by a 


special large transformer. One UX-280 rectifier tube supplies the d.c. to the t é i 
current to the speaker field. Ppp e tubes, and another UX-280 supplies rectified 
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Fic. 7,337.— Wiring diagram of Edison R-4, R-5 and C-4 receivers. L1, L2, L3 and L4 are low frequency primaries, resonated 
to approximately 450 kilocycles by means of the condensers C5, C6, C7 and C8; L5, L6, L7 and L8 are high frequency pri- 
maries, not shunted by any condenser; L9, L10, L11 and L12 are secondaries tuned by the variable condenser sections Cl, 
C2, C3 and C4, which are shunted by the trimming capacities CLA, C2A, C3A and C4A. Stabilization of the 7.f. amplifier 
is accomplished by the use of grid circuit neutralization; that is, the employment of neutralizing condensers, C10, Cll and 
C12 connected from the plate of each 7.f. amplifying tube to a coil tightly coupled to the secondary of the input transformer 
of that tube. These coils in the diagram are L5, L6 and L7, which are at the same time the high frequency primaries of the 
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Fic. 7,338.—Circuit diagram of Zenith ‘‘70” series a.c. receiver. The circuit consists of two stages of tuned plate, tuned grid, 
screen grid radio frequency amplification, a screen grid power detector, one stage of resistance coupled audio amplification 
using a 27 tube, a second stage of push pull using two 27 tubes, and a third or power stage using two 45’s in push pull. The 
electrolytic condenser, the voltage divider and the by-pass condenser for the grid bias of the third stage audio are placed 1n the 
power unit. The separate unit type condensers have been incorporated in this pack. A cover has been placed over both the 
terminal strips on the chassis and the fuse clip on the power pack. All possible wiring has been cabled. All cabled wire has a 
definite color code. The double volume control has been adopted as standard. Provision has been made to use a short aerial. 


Fic. 7,337.—Text continued. 


first, second and third 7.f. transformers. Substantial resonance of the first 7.f. input circuit to the resonant frequency of the 
second and third T. f. and detector input circuits is maintained by holding the effective aerial-ground capacity to a value less 
than 100 micromicrofarads. Self bias of the first 7.f. amplifying tube is secured by the use of resistor R1, by-passed by the 
capacity C20. Isolation of the 7.f. component of the plate current of this tube is accomplished by the use of resistor R2, and 
capacity C19. Self bias of the second and third 7.f. amplifying tubes in common is effected by the resistor R3, and the section 


A, of the volume control by-passed by the capaci 
; pacity C23. Isolation of the 7.f. components of the plate curr 
tubes in common results from the use of the resistor R5 and the capacity C22. sia ' 7 ane 
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Fic. 7,339.—Pictorial wiring diagram of General Electric Model H 31 screen grid super-heterodyne receiver. 
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CHAPTER 178 


Short Waves | 


Short waves permit broadcasting to much greater distances 
than with the longer waves regularly used, and in order to 
‘extend the broadcasting range some of the leading stations 
‘simultaneously transmit. their programs on long and_ short 
‘waves. 
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Fic. 7,340.—Back view of Super-Wasp a.c. short wave receiver with back halves of 
the shield cans removed. 


By definition, a short wave is any wave of a length less than 
200 meters. 
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Fic. 7,341.—Under view of Super-Wasp a.c. short wave receiver show‘ng arrangement of parts. 


Wave Length and Frequency.—Since the electric strain and flux lines move with the 
velocity of light, 186,300 miles per second, or 300,000,000 meters per second, the dis- 
tance between two successive maxima of electric strain directed in the same direction, 
or, wave length = 300,000,000 -+ number of waves per second. As usually expressed, 


300,000 ,000 


wave length = 
wave frequency in cycles per sec. 
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From the formula it is seen that the shorter the wave length 
the higher the frequency. 


Examples.—What are the frequencies for wave lengths of 10 and 200 
meters? From formula l | 





| | 00,000,000 | 

. wave frequency = peaeeeagaeets Prertreee re (2) 
wave length 

'  gubstituting 10 in formula 2 

wave frequency a = 30,000,000 cycles or 30,000 kilocycles 

| substituting 200 in formula 2 

* wave frequency Se = 1,500,000 cycles or 1,500 kilocycles 
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Fic. 7,342.—Back view of completed Super-Wasp a.c. short wave receiver showing shield cans 
in place. . 


that is, for a 10 meter wave, the frequency is (30,000 +1,500) or 20 greater 
than for a 200 meter wave. 


High Frequency Reception.—The requirements of receivers 
for short waves are different than for ordinary receivers on 
account of the high frequency of the short waves. 

With short waves the inductance and capacity effects between 
wires and coils are very marked. 
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¥1G. 7,343.—Complete wiring diagram of Super-Wasp a.c. short wave receiver. 
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All wires from grids and plates of tubes should be kept short and well 
separated: Unless care be exercised in wiring the variable condensers, 
troublesome hand capacity effects are liable to result. This makes tuning 
very difficult, and is manifested by a change in the tuning of the set when- 
ever the hand is brought near the tuning dial. 


The wire from the grid of the tube to the tuning coil and condenser 
should always be connected to the stator plates of the tuning condenser, 
and the rotor plates should go to the grid return circuit. 


Complex circuits using multi-stage amplifiers are usually 


either unstable or have too many operating controls to be of 
value. 
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EG. 7,344.—Audio amplifier system of Super-Wasp a.c. short wave receiver. The first stage is 
resistance coupled, the second stage transformer coupled. The amplification system consists of 
a detector working directly into a high resistance high capacity coupling unit, onto the grid 
of the first audio tube. This audio stage is then coupled to the last audio tube through a 
standard transformer with the primary phase arranged for negative howl tendency. A tube 
with the standard electrical amplification characteristics of the 227 is used in all three posi- 
tions. The tise of this first resistance stage reduced the residual hum much more than the 
reduction in audio amplification. It was found that a net gain in hum reduction resulted 
from the use of the resistance coupling in the first stage. The resistance units did not act 
like a.c. pick up coils, as did the transformer windings in this location. 


Short Wave Receivers.—These usually consist of a@ stage. of 
radio frequency amplification followed by a regenerative detector, 
either with or without one or two stages of ordinary trans- 
former coupled audio frequency amplification. The use of a 


4,536 Short Waves 





stage of tuned scteen grid radio frequency anuplification in- 
creases the sensitivity greatly. 

The nature of the power supply and of the audio amplifier 
system is of little consideration. The success of the receiver 
depends mostly upon the apparatus that precedes the audio. 
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Fics. 7,345 and 7,346.—Modification of tubes to avoid hum in Super-Wasp a.c. short wave 
receiver. In the ordinary tube, fig. 7,345, it is apparent that at one instant the bottom of the 
filament will be positive while the top is negative, shortly followed by a reversal of the heating 
current which makes the bottom of the filament negative with the top positive. The elec- 
tronic field within the cathode is thus rapidly twisted back and forth during each alternation 
of the heating current. A noticeable hum results. Now the construction shown in fig. 7,346 
is purposely designed to avoid this. The heating filament is doubled back on itself within 
the cathode cylinder after the fashion of a hairpin. In this arrangement, the electronic field 
is neutralized at every point and no upheavals take place on the reversals of the heating 
current. 


Most owners of short wave receivers do not fully appreciate the fact 
that the entire success of their outfits depends on how smoothly and easily 
they can control the regenerative action of the detector tube. 


Many carefully built receivers using the most expensive parts do not 
produce more than a few weak local broadcasting stations and possibly a 
dozen loud telegraph stations, simply because the detectors collapse into 
oscillation with a pronounced “‘plop.”’ 


Many carelessly assembled sets using parts retrieved from the junk box 
bring in phone stations from all over the world, because the regenerative 
action has precision control. : 
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On account of the very great difference in frequency in the 
‘range of short waves it would not be practical to provide a 
‘tuning system for the full range that would be satisfactory, 
‘hence the receiver is designed for the particular wave band de- 
“sired or is provided with removable coils, called plug in coils, 
“or condensers or both. 


These can be changed for each of the many narrow wave bands into 
which popular short wave transmission is now divided. These are, the 
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Fic. 7,347 .—Method used in Super-Wasp a.c. short wave receiver to kill the little oscillating cir- 
cuits in the tube circuit by addition of a by-pass condenser C. The capacity of the oscillating 
system is the internal capacity of the cathode-heater combination. The inductance is that 
of the leads combined with that of the center-tapped resistance. This resistance unit actually 
has enough inductance to be troublesome at the very short waves. The cure consists in 
merely adding a .006 m.f. condenser across one side of this center tapped inductance, so as 
to kill the resonant combination. 

Fic. 7,243.—Diagram showing how 60 cycle a.c. creates oscillation in the tuned cathode circuit 
of Super-Wasp a.c. short wave receiver. 


160 meter, 80 meter, 40 meter and 20 meter amateur bands and the broad- 
cast short wave bands at 50, 25 and 20 meters. Most short wave sets 
are now built with a non-removable variable tuning condenser and a num- 
ber of removable plug in coils which are wound for tuning to the various 
wave bands. 


Simplest Short Wave Receiver.—In building any short wave 
receiver it is important to consider problems which, in the 
ordinary broadcast band from 550 to 1,500 kilo cycles were 
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Fic. 7,349.—Super-Wasp diagram showing method of choking the screen grid leads. . Thel 
chokes are cylindrically wound resistors, and perform the function of choking the plate an 
screen grid leads. They are indicated in the diagram as 450 ohm resistors. 
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Fic. 7,350.—Detail of a.c. Super-Wasp detector circuit showing method of subduing squawking. 
There appears to be a highly critical condition existing in the grid circuit at the starting point 
of oscillation. Just asthe grid tends to change from the slight positive bias, which it normally 
has, to the negative value which the rectification gives it, it undergoes an oscillatory condition 
which causes a bad squawk when the plate voltage is fed through a transformer. However, 
when the plate voltage is supplied through a high resistance, such as the .5 megohm, as here 


shown, the effective plate voltage drops when this condition occurs and this decline stops the 
oscillation or squawk. 
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perative under such con- 
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NOTE.—The short wave radio set builder can obtain the necessary parts for building the 
short wave Super-Wasp set from the manufacturer, The Pilot Radio and Tube Corp., Brook- 
lyn, N. Y. 


Fic. 7,351.—Typical hook-up of a good regenerative short wave receiver 
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The short wave receiver must be shielded against hand ca- 
-pacities and between the relative stages. 


For shielding against hand capacities, a plain aluminum panel, for 
mounting the condensers and control dials, is sufficient. It 1s not impera- 


tive that the balance of the circuit be placed in an aluminum container 


although it is quite advantageous for mechanical reasons. 


In the case of copper shields, the corners must be evenly soldered; alu- 
minum should have large overlaps. Short wave interference unless these 


precautions are carefully observed, will get through. The coils must be 
kept as far away as possible from the shields themselves. The shields | 


should not be of thin material, but of a thickness sufficient to shield one 
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Fic. 7,352.—How plug in coils are made. 
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Fic. 7,353.—Connection of radio frequency stage with screen grid tube, ahead of regenerative 
detector. 
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stage effectively from the other. With copper, a thickness of 30 mils 
(.03 in.) seems to be quite reasonable. In the case of aluminum, a thicker 
or substantial piece of metal should be used, with an overlap of half an 
inch wherever possible. 


A very simple diagram showing a single control super-hetero- 
dyne, is fig. 7,353. 


The output circuit is from the filament of VT2, and the output. The 
secondary of the three circuit arrangement is made to oscillate at a fre- 
quency differing from that of the incoming wave by a value corresponding 
to the frequency of the intermediate stage. If the intermediate stage be 
_a broadcast receiver tuned to 1,000 kilocycles, the difference between the 


oscillator frequency and that of the incoming wave should be 1,000 kilo- 
cycles. 


Short Wave Receiver Reference Table 
C1—.0001 mf. mica fixed condenser. 
C2— .000015 mf. midget variable condenser, 7 plate. 
C3— .000015 mf. midget variable condenser, 7 plate. 
C4—.0005 mf. mica fixed condenser. 
C5—.0005 mf. mica fixed condenser. 
R1—10 megohm grid leak (noiseless). 
R2—0-50,000 ohm Bradleyohm. 
R3—Rheostat or amperite. 
R4—1/10 megohm grid leak. 
L1—Two turns bell wire around coil socket base. 
L2—Grid coil on plug in tube base. 
L3—Tickler on plug in tube base. 


L2 L3 
Wave Band Turns Wire Gauge Turns Wire Gauge 
80 37 28 25 30 
40 16 22 20 . 30 
20 7 22 10 30 
10 3 20 5 30 


D ] 20 3 30 
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How to Tune Short Wave Receivers.—The short wave 
beginner is usually surprised to begin picking up broadcast 
stations which he cannot find in the short wave list. . What he 
hears is the harmonics of stations broadcasting on the medium 
waves between 200 and 550 meters. These are often a nuisance, 
for they may be poorly modulated, and they are easily mistaken 
for a foreign station, and sometimes they interfere with wanted 
foreign stations. The last named trouble 1s one which will have 
to be dealt with as short wave broadcasting becomes more 
general; but at the present time the experimenter will find 
these harmonics useful for the calibration of the dials. 


Each harmonic has a definite wave, just as much so as the broadcast 
station’s fundamental carrier wave. A harmonic must have exactly twice, 
three times, five times, nine times, etc., the frequency of the fundamental 
(corresponding respectively to 44, 4%, %, %s, and so on) wave length. 
Many of these harmonics can be heard with any short wave receiver. 
When one of them is picked up, and the station identified, it is only a 
matter of division to determine the exact wave to which the receiver is 
tuned. By checking up a number of these harmonics, and the few known 
short wave broadcasters, 1t 1s a very simple matter to draw up a calibra- 
tion curve for each coil of any short wave set. 


Take a sheet of paper for each coil, and number each from top to bot- 
tom with figures corresponding to those on the tuning dial or dials, usu- 
ally 0 to 100. (These numbers do not correspond to the settings of the 
regeneration dial.) 


Start with any one, or pair, of the coils covering a certain wave band; 
and tune in the first station picked up. If it be a regular short wave sta- 
tion, mark down its known wave exactly opposite the figure on the chart 
which corresponds to the dial setting. If the station be one which is not 
known to have a short wave transmitter, then « harmonic has been heard. 


Look up the authorized wave length of the station and divide it by the 
number which will bring the result nearest to the wave length to which 
the coil should be tuned. For example, if the coil be rated by the manu- 
facturer as covering from 30 to 55 meters, and the condenser setting is 
low, then it is probable that the wave length must be between 30 and 40 
meters. 
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4,944 Short Waves 
COIL No. TWO 
| Range 30 to 55 Meters (Approximately) 
Dial Wave- 
Reading length Stations Heard | 
0 | 
1 1 
2 30.01 WRVA (9th Harmonic—fundamental 270.1 meters) 
3 30.50 NRH, Heredia, Costa Rica, 10-11 p. m. daily 
4 30.85 WBT (9th Harmonic—fundamental 277.6 meters) 
mane | 
6 31.04 KQV (7th Harmonic) 7LO, Nairobi 11-2 p. m. daily | 
7 31.26 W3XAU — PCJ — VPD — KIXR 
8 3138 wae. Konigswusterhausen (Berlin) Germany | 
9 31.48 W2XAF — OXY, Lyngby, Denmark, 2-3 p. m. | 
—10 31.80 XDA, Mexico City, Mexico | 
ll 
12 32.10 CGA, Drummondville, Canada ! 
13. 32.20. «= WSAT (7th Hermonic—fundamental 225.4 meters) | 
14 32.40 GBK,. Rugby, England (transatlantic phone) 
—15 
16 33.26 GBS, Rugby, England (transatlantic phone) 
17 | 
18 34.23 KSTP (6th Harmonic—fundamental 205.4 meters) | 
19 
—20 34.68 W2xXAC, HKCJ 
21 
i 
23 
24 
—25 | 
26 40.00 WWRL (5th Harmonic—fundamental 199.9 meters) | 
27 
28 41.80 KSTP (Sth Harmonic—fundamental 205.4 meters) | 
23 
—30 AMATEUR PHONE BAND 
31 
32 VRY, Georgetown, British Guiana (Wed. and Sun., 7:15-9 p. m.) 
33 Code (Mobile services) 
34 : 
—35 46.12 WHAP. (5th Harmonic—fundamental 230.6 meters) 
36 : 
37 46,92 WOR (9th Harmonic—fundamental 422.3 meters) 
38 
39 | 
—49 47.59 WLBL (7th Harmonic—fundamental 333.1 meters) 
41 
42 | | | 
43 48.35 HKT, Bogota, Columbia, 10-11:30 p. m. | 
44 | 
—45 | 
46 49.02 W2XE, New York 
47 49.40 —WS8XAL, Cincinnati 
48 
49 49,80 W9XF 
—50 49.98 HRB, Honduras, Mon., Wed., Fri., 9-12 p. m, 
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If the station heard be working on a fundamental of 274.9 meters 
(1,080 kilocycles) it wall be seen that dividing this by nine gives 30.54 
meters (9.720 kilocycles) and this is the wave length of the ninth harmonic, 
which is being heard. 


The odd harmonics are usually of much greater strength than 
the even harmonics. 


Mark the wave length found, 30.54, on the proper sheet opposite the 
condenser dial reading. It is necessary to carry the wave length out to 


two places; for a tenth of a meter covers considerable room on a short 
wave dial. 


Go up slightly on the dial and find a harmonic of a broadcast station 
which is known to be working on 215.7 meters (1,390 kilocycles). Since 
the seventh harmonic of this station is 30.81 meters (7,730 kilocycles) 
set down this figure opposite the second dial reading. In this manner, 
the dial is calibrated from top to bottom on the chart; calibrate the other 
coils in a similar way until it is determined where any given wave may be 


tuned in on the receiver. Stations may thus be found right where they 
should be expected. 


Tuning Problems.—The great sharpness of tuning on short 
waves should be considered; compare it with the broadcast 
band. In the United States and Canada exactly 96 broadcast 
channels are 1n use, one every ten kilocycles from 550 to 1,500 
kilocycles inclusive. This gives one channel to a division on 


the dial, and each station therefore corresponds to a different 
reading. 


It is not necessary to discuss the relation of kilocycles to meters here 
(see fig. 7,354) except to say that the frequency increases more and more 
rapidly as the wave length becomes shorter. Between 15 and 80 meters 
(the effective short wave broadcast band) there is more than 1,600 kilo- 
cycles separation, or sixteen times the width of the upper broadcast band. 
The average short wave set covers this with three or perhaps four coils 
and as many revolutions of the tuning dial, from 0 to 100. 


If stations were operated on channels 10 kilocycles wide, as in ordinary 
broadcasting, 300 to 400 of them would be covered in one turn of the dial. 
On the smaller coils, the number is even’ greater. The station, therefore, 
covers only a small part of the space between two numbers on the dial. 
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Fic. 7,356.— Wiring diagram of Leutz short wave receiver. It is of the unit construction giving a flexible arrangement and providing 
double shielding. For example, if desired, the detector unit and audio unit would be used together as a complete receiver. To 
that combination, one tuned radio stage can be added and later still another tuned radio stage added again. For average purposes 
the following set up is suggested, one tuned radio stage, detector stage and audio unit. For extreme distance work and where 
maximum volume is desired, the full combination is required consisting of first radio stage, second radio stage, detector stage and 
audio unit. Due to obvious technical limitations, the power output stage of the audio unit is not push pull. Two power tubes 
in push pull combination require a certain high signal input voltage in order to secure full output. The required signal voltage is 
not always available on short wave signals in which case the complete signal would be entirely lost. By having three cascade 
stages of audio amplification, sufficient volume is still available and the amplifier is sensitive even to the very weak signals. The 
detector unit is arranged to use any of the standard superdetector tubes such as the 200A, 240, etc. The tuned inductance has 
two windings, one for the detector grid circuit and the other for the plate regenerative amplification circuit, the coupling between 
the two being fixed. For the first 7.f. one stage unit tuned inductance is required and it has two windings. The first winding 
tunes the grid circuit of the tube which is capacitively coupled to the antenna circuit. The second winding may or may not be 
used as desired. It is provided to enable using a dirigible type aerial and suitable binding posts are provided to connect such an 
antenna. For maximum sensitivity a second tuned radio stage should be added. In the Leutz short wave set, this stage is added 
by connecting same between the antenna stage and detector stage. No internal connections need be disturbed. In all the tuned 
stages, vernier condenser adjustments are provided where required. Individual filament resistors are also available so that each 
tube can be regulated to its maximum operating point of efficiency. 
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If the dials be operated in the manner usual in medium wave tuning, 
many noises will be passed over, which are really stations that would give 
good loud speaker strength if properly tuned in. The proper procedure, 
therefore, in operating a short wave set, is to calibrate the receiver in the 
method illustrated, and make notations where certain desired stations 
shculd fall on the dials. Note when these stations may be expected to 
operate; and tune for them at the proper times, on the proper dial readings. 


Pick up the signals by the beat note-method; that is, set the detector 
tube oscillating, and pick up the carrier wave, or squeal. After the carrier 
is found, keep the wave length or tuning dial set in the exact center ‘of 
the squeal; and turn the regeneration dial back past the point of oscilla- 

tion. Then, very slowly, move it up again until. the best reception is 
- obtained. | 


\ 


The third point is how to determine what stations io tune 
for. 


At the present time, all short wave broadcast stations are of an experi- 
mental nature, and their wave lengths, as well as schedules, are subject 
to sudden changes without notice. Since distance means little or nothing 
in short wave reception, the carrier wave in its longer path is more subject 
to atmospheric conditions than the nearby medium wave broadcasts. 


Stations which can be heard with great volume at one season of the year 
are often unheard at another, regardless of the power which they use. 
The short waves, also, are peculiarly affected by sunlight; some being re- 
duced in strength, and others greatly increased in volume on the arrival 
of darkness. Since reception is world wide, means of communication are 
slow, and no universal language is yet in use, no accurate list of stations 
can be compiled. 


It may be said that reception of short wave broadcasts 
directly from overseas is not so difficult as may be imagined; 
it is a commonplace occurrence. 


It is possible to pick up programs in Siamese, Russian, German, Spanish, 
French and many other languages, in addition to English. 


4,548 Short Waves 


TEST QUESTIONS 


1. What is a short wave? 

2. What is the advantage of snort waves? 

3. Explain the relation between wave length and Sree! 
quency. 

4. Give formula for wave length. | 

5. How does the frequency vary for the different wave 
lengths? 

6. What are the requirements of sets for highest free 
quency reception? 

7. What makes tuning difficult when the hand is brought 
near the tuning dial? 

8. Of what does a short wave receiver usually consist? _ 

9. Upon what does the success of the receiver mostly 
depend? 

10. Why is tuning difficult on some short wave receivers? | 

11. What is a wave band? 

12. Explain why "plug in” coils are used? 

13. How are most short wave sets usually built? 

14. Give directions for building a simple short wave re- 
ceiver. 


15. Draw a diagram of a single control super-heterodyne 
Sél. 
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CHAPTER 179 


Aerials 


By definition an aerial is @ wire system suspended in the air 
and insulated at the ends for receiving electro-magnetic waves. 





Strictly speaking an aerial is the wire system at the receiving end as dis- 
tinguished from an antenna or wire system at the transmitting end. 


Aerials may be classified: 


1. According to the number of wires as 
a. Single wire; 
b. Multi-wire. 


2. According to location, as 
a. Outside; 
b. Inside; 
c. Underground. 


3. According to shape, as 


. Inverted L; 
. Lee (T); 
Cage; 

Fan; 

. Umbrella; 


. Loop a spiral, 


pancake, 


eo QMO fF 8 


Cy 


etc, 
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The simplest type of aerial consists of a single wire of suit- 
able length with its ends connected to elevated insulators as_ 
in fig. 7,397. 


At the end nearest the radio set a lead in connects the aerial to the set. | 
This arrangement is known as:an inverted L aerial; when connected at the : 
center it is called a T aerial, the distinction being shown in figs. 7,358 and - 


7,359. Various other types of outside aerials are shown in figs. 7,360 to 
7,369. 


INSULATORS ——— | 






N° 14 OR LARGER AERIAL WIRE 


Fic. 7,357.—Single wire outside inverted L aerial; end connected lead in. 


END CONNECTED CENTER 
LEAD IN CONNECTED 


INVERTED L 


Fics. 7,358 and 7,359.—Inverted L and T aerials. The lead in is usually connected at the end, 
but where an extra long aerial is desired it is‘ connected at the center. 
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Fic. 7,360.—Miulti-wire inverted L (flat top) outside aerial. Where the distance between sup- 
ports is limited, the necessary length of aerial may be obtained by running two or more lengths 
of wire parallel as shown. 





Fic, 7,361.—Cage antenna. A type frequently employed at transmitting stations. 
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Fic. 7,362.—Fan aerial. 
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The loop aerial is used without a ground connection being 
connected to the radio set so as to form a closed circuit. 


The loop acts as an inductance coil whereas the other aerials act as one 
plate of a condenser with the ground or counterpoise as the other. 


Electro-magnetic waves on reaching the aerial set up an 
alternating voltage between the wires forming the upper plate 
of the condenser and the ground or lower plate of the condenser. 
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Fic. 7,363.—Umbrella aerial. The radial wires connect at the top with a vertical lead in. 


: 
AE 


Fic. 7,364.—Inside loop aerial of the solenoid type. 
Fic. 7,365.—Inside loop aerial of the pancake type. 
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This action takes place through electrostatic induction. In the loop 
aerial, electro-magnetic induction sets up an induced voltage thus causing 
alternating current to flow to the detector. 


Counterpoise.—In places where it is difficult to obtain a 
good ground because of dry soil a counterpoise is used. 

This consists of a second aerial suspended on supports about one foot 

above the ground and insulated from the latter. The counterpoise should 


run parallel with and preferably underneath the main aerial, though if 
necessary it may be offset to one side. Fig. 7,367 shows the essentials. 


\ Ve ui 


Fic. 7,366—Method of connecting a loop aerial. Since loop aerials are not very efficient, they 
should only be used with sensitive sets such as super-heterodyne. 


CONDENSER 









Length of Aerial.—For best results make the aerial as short 
as wil permit reception from the desired stations. A 30 foot 
wire 1s considered a short aerial. 


In congested districts a short aerial should be used. The selectivity of 
the set depends largely on the length of aerial, some sets having two or more 
aerials of different lengths. 


Location of Aerial.—The best location of the aerial depends 
on local conditions, each installation presenting its own prob- 
lems. 
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In general when satisfactory reception is not obtained, the trouble may 
be rectified by changing the direction of the aerial; if possible place the aerial 
at right angles to its former position. 


Installation.—Erect the aerial as far from other wires as pos- 
sible. 


The insulation should be of the best quality. The wire should be suf- . 
ficiently taut to.prevent undue vibration or swinging. Do not place an | 
aerial under or above power wires; select a direction as nearly as possible at | 
right angles to other wires. 


There should be a good soldered connection of the lead in to the aerial. | 
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Fic. 7,367.—Counterpoise and connection. The counterpojse forms one plate of a condenser of 
which the main aerial is the other plate. 


Fic. 7,368.—Method of connecting lightning arrester to aerial circuit. 
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Fic. 7,369.—Rogers underground aerial. The aerial wire is placed inside a pipe. This type 
aerial is not affected much by conditions of the atmosphere. 
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Lightning Arrester.—The preferred location of the lightning 
arrester is outside the building at the point where the lead in wire 
enters the building. 


One terminal of the arrester is connected to the aerial and the other to 


ground. The lightning arrester interposes a very small air gap between the 
aerial and the ground and across which any sudden high voltage impressed 
on the aerial as happens during a thunder storm will readily discharge across 
the gap without injuring the radio apparatus. 


ho 


TEST QUESTIONS 


What is an aerial? 


What is the difference between an aerial and an an- 
tenna? 


Give classification. of aerials. 


Of what does the simplest type aerial consist? 


What is the construction of a loop aerial? 


What is the action of electro-magnetic waves on reach- 
ing the aerial? 


. What causes alternating current to flow in an aerial 


to the detector? 


. What is a counter poise? 
. How should a counterpoise be run with respect to 


aerials? 


. What should be the length of an aerial for best results? 
. How long should an aerial be in congested districts? 
. Upon what does the selectivity of a set largely depend? 
. How is the best location of an aerial determined? 

. In what direction should an aerial be run? 
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15. 


10. 
17. 
18. 


19. 
20. 
ZA. 
ZZ. 
ZS: 


How should an aerial be located with respect to other 
wires? 


Why should an aerial be strung taut? 
How should the lead in be connected to the aerial? 


What is the preferred location for the lightning ar- 
rester? 


How is the lightning arrester connected? : 
What does a lightning arrester interpose in tne circuit? 
Where does the air gap circuit terminate? 
What happens in a thunderstorm? 
Explain the operation of the lightning arrester. | 
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CHAPTER 180 


Loud Speakers 


By definition a loud speaker is a device designed to convert the 
amplified audio frequency currents inio sound waves. In other 


words a loud speaker changes varying electric currents into sound 
waves. 


In order to do this the construction of the loud speaker must be such 
that it will cause the varying electric currents to set in vibration a dia- 
phragm similar to that used in a telephone receiver only larger. 


The vibration of the diaphragm sets into vibration a large 
volume of air which produces the sound. 


The efficiency of a loud speaker depends on how near these sound waves 
approach a true reproduction of the sound waves broadcast at the trans- 
mitting station. 


It is hardly necessary to state that the efficiency of most loud speakers 
is very low and even that of the best is far from perfect. 


Classification of Speakers.—That part of a loud speaker 
which changes the varying currents of the audio frequency 
amplifier into mechanical vibrations, 1s called the driving unit 
or motor, and with respect to the principle involved in the 
operation of the driving unit, speakers may be classed as: 

1. Magnetic; 

2. Balanced armature; 

3. “‘Dynamic’”’ or moving coil; 

4. Induction; 
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5. Metal strip; 
6. Electro-static or condenser; 
7. Piezo-electric. 


Speakers which use a permanent magnet are called magnetic speakers; | 
those using an electro-magnet are generally known as dynamic speakers. | 





/ 
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Magnetic Speakers.—In this type @ bipolar permanent mag- | 
net is used. On each pole of the magnet is mounted a coil of ' 
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Fic. 7,3/0.—Magnetic type speaker consisting of a combined permanent and electro-magnet 
and diaphragm. The latter is of magnetic metal and the magnetic lines of force pass through 
it from pole to pole. If the diaphragm become saturated zt will not respond perfectly to varia- 
tions of the magnetic strength and distortion will result. — 


wire having a large number of turns, the two coils being con- 
nected in series, as shown in fig. 7,370. 

The speaker is connected as indicated and in operation the varying cur- 

rents coming’ from the plate circuit of the last tube varies the resultant 


magnetization (of coils and permanent magnets) accordingly causing the 
diaphragm to vibrate and produce sound waves. 


Balanced Armature Speaker.——-This speaker does not chatter 
easily on loud signals and responds well to weak signals. The 
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essentials of construction are shown in fig. 7,371. It has an 
armature pivoted at its center between the poles of a perma- 
nent magnet and provided with a coil through which the signal 
current flows as shown, so that the reaction between the mag- 
netic field due to this current and that due to the permanent 
magnet causes the armature to oscillate about its pivot. These 
movements of the armature are communicated to the diaphragm 
by means of the link connection. 
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Fic. 7,371.—Balanced armature type speaker. In construction the balanced pivoted arma- 
ture is a soft iron bar forming a core of a coil of several thousand turns of fine wire supplied 
with audio frequency currency. In operation when a signal current flows through the coil, 
a magnetic field is produced, which magnetizes the soft iron armature. The poles react on the 
poles of the permanent magnet and attraction between the unlike poles and repulsion between 
the like poles take place. With the polarities shown, the top end of the armature would moye 
to the left and the bottom end to the right when the signal current flows through the coil in 
the corresponding direction. The amount of pull or movement is proportional to the current 


flowing through the coil, so the armature moves in accordance with the variations in the 
current. 


Dynamic Speakers.—The moving coil principle 1s here em- 
ployed. In this arrangement the signal current flows through 
the moving coil which is placed around the middle pole of a 
three pole magnet and the reaction between the two causes 


4,560 Loud Speakers 


the moving coil to vibrate corresponding to variations of the 
signal current. The diaphragm being mechanically connected 
to the moving coil vibrates similarly. The essential elements 
are shown in fig. 7,372. 


Induction Speakers.—The operation of this type speaker 
depends upon the production of eddy currents in the diaphragm 
by a varying magnetic field. 
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Fic. 7,372.—Dynamic or moving coil speaker. Zn construction the coil is very small and 
light. It vibrates betweer. the armature magnetic field between two concentric magnetic 
poles. The coil is usually attached to a paper cone, or in the case of a horn to a non-magnetic 
diaphragm. The moving coil has about 100 turns of about No. 34 wire on a thin insulated shell. 


As shown in fig. 7,373, the diaphragm is placed between two sets of con- 
centric coils. Direct current is applied to the two sets of coils in opposite 
directions producing a radial field. The signal current is also passed 
through the coils which causes the steady field due to the d.c. to vary and 
which in turn induces eddy currents in the diaphragm. 


Since the eddy currents give polarity to the faces of the diaphragm these 
poles react with the poles of the coils, thus causing vibration of the dia- 
phragm and resulting sound waves. Loud speakers of this type are extra 
powerful and therefore suitable for halls. 
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Metal Strip Speaker.—This speaker is a type of the magnetic 
class in which a metal strip is suspended between the poles of a 
permanent or electro-magnet and the signal current passed through 
the sirip, as shown in fig. 7,375. 


The reaction between the steady field of the magnet and varying field of 
the strip causes the latter to vibrate. The metal strip being the diaphragm 
the sound waves are produced direct without any drive gear. 
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Fic. 7,373.—Induction speaker. In this speaker the diaphragm is made of a non-magnetic 
metal-aluminum. An auxiliary source of current is required to supply the steady magnetic 
field. 


Fic. 7,374.—Side view of induction speaker. Since the d.c. supplied to the coils is passed 
through the two sets of coils in opposite directions like poles SS, will be produced on their 
sides facing the diaphragm and unlike poles ms on the faces of the diaphragm. These polar- 
ities are easily determined by the right hand rule as shown in fig. 7,373. At the instant shown 
the diaphragm is moved to the left by attraction due to unlike poles S,”, and repulsion due to 
like poles ss. 


Electrostatic or Condenser Speakers.—Speakers of this 
type consist essentially of three elements: 


1. Plate; 2. Dielectric; 3. Diaphragm. 
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The dielectric is placed between the plate and diaphragm 
and the assembly forms a condenser, as shown in fig. 7,376, 
hence the name. Its adaptation as a speaker is shown in 
fig, 7,377. 
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Fic. 7,375.—Metal strip speaker. A megaphone is used with this type speaker. 
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Fic. 7,376.—Elements of an electrostatic speaker. It is simply a form of condenser, hence the 
name as it is sometimes called a condenser speaker. 
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In the operation of a condenser any difference in voltage on the two metal 
elements (plate and diaphragm in fig. 7,374) produces attraction between 
them, thus compressing the dielectric which 1n this case is rubber. To keep 
the speaker normally in this condition, the plate and diaphragm are placed in 
a battery circuit. The signal current 1s superimposed on the battery current. 


In operation the signal current varies the voltage in the circuit which in 
turn varies: the attraction between the plate and condenser; the rubber 
which is in compression acts as a restoring force to displace the diaphragm 
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Fic. 7,377 .-—Electrostatic or condenser speaker showing circuit connections. In construction, 
the copper plate is made rigid. The diaphragm consists of a thin layer of metal sprayed on 
the rubber dielectric. 


outward when the signal current is in such a direction as to reduce the 
attraction between the plate and diaphragm. 


Piezo-electric Speakers.—This type of speaker depends for 
its action on the property of a crystal of expanding and contract- 
ing in accordance with the electric strains to which it is subjected. 
This principle as applied to a speaker is shown in the diagram 
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In operation the variations in the applied signal voltage will cause the. 
crystal to expand and contract and these mechanical vibrations may by 
suitable means be communicated to a diaphragm. 
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Fic. 7,378.—Piezo-electric speaker operating on the property of a crystal expanding and con- | 
tracting with varying electric strains. | 


TEST QUESTIONS 
What is a loud speaker? 


: 
| 
. How does a loud speaker work? 

Give a classification of loud speakers. 
How does a magnetic speaker work? | 
What is the construction of a balanced armature 

speaker ? | 

6. Explain the operation of dynamic speakers. 
7 | 


What is the basic principle on which induction speak- 
ers operate? 


8. Describe the metal strip speaker. | 
9. How does an electrostatic or condenser speaker operate? 


10. Upon what does a piezo-electric speaker depend for 
its Operation? 
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CHAPTER 181 





Radio Instruments 





For radio use, a volt meter should draw as small a current 
as 1s possible if it is to be left in circuit to show the voltage 
across the filament of a vacuum tube whenever it is in operation. 






/ Fic. 7,379.—Westinghouse two inch diameter, 0-5 volt meter. 


Unless the volt meter draw a small current, it cannot be placed across 
the vacuum tube filaments for the moment of adjustment of 'the rheostat, 
and then be removed from the circuit, without causing the filaments to 
have excessive voltage when the volt meter switch is opened. 
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Inefficient ammeters are undesirable for filament ad justment, 
since they have a relatively high voltage drop and the A battery 
must be replaced, or recharged, much sooner. 


The most efficient polarized vane ammeters have a nearly complete 
circuit of non-residual iron in the form of a yoke with less residual mag- 
netism than is found with instruments using merely a stubby core of less| 
expensive iron. The result is a highly efficient instrument crate other 
only one tenth or even one fiftieth the energy required to operate other! 
moving vane instruments. 
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Fic. 7,380.— Westinghouse triple scale volt meter, 5-0-7.5 and 0-150 vo t ee 


A vacuum tube set taking from t IV e€ VC Its for fila- 
ments can be served better by a combination filament volt 
meter and plate battery tester than by 2 a panes ammeter. 


This combination instrument is more expensive than the ammeter, but 
it is worth more. Tungsten and tungsten alloy filaments can be adjusted 
better with a volt meter than with an ammeter because of the great change 
of resistance of that material and the corresponding slow change of cur- 
rent with a given change of applied voltage. 


AY 
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Volt Meter Combinations.—Several ranges of combination 
volt meters have been developed, which should cover the re- 
quirements of all radio sets. 


They will indicate filament voltage and B battery voltage, and in some 
cases A battery and C battery voltage also. These have 100° scales. 
A triple scale volt meter is shown in fig. 7,380. 


Switching Schemes.—Some switching device should be used 
to connect the volt meter across the different batteries one at 





Fic. 7,381.— Westinghouse low loss ammeter, O0-1.0 amperes. 


a time. There are a number of inexpensive dial switches on 
the market which are suitable for this purpose. 


A switch should be chosen with sufficient movement of the blade so 
that adjacent active contacts will not be short circuited. If contact but- 
tons be close together, then only every other contact should bé used. Thus. 
any five position switch could be used to show the voltage of three different 
circuits, such as filament volts, B battery volts, and C battery volts. 


The high range requires an additional series resistance to reduce the 
higher voltage so that the instrument current is the same and will give 
the same deflection on 150 volts as on 7.5 volts. This resistance 1s 
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Fic. 7,382.—Ammeter connections for a radio set with four dry cell tubes. Having the indi- 
vidually adjusted filament in series with the main rheostat, but not in the ammeter circuit, 
prevents ft ever having more than normal current. 
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Fic. 7,383.—Dial switch control for multi-range volt meter; C, C battery volts to left; F, fila- 
ment volts, lower right; A, A battery volts, lower right; B, B battery volts, upper right. 
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supplied on a spool external to the volt meter proper so that it may be in- 
serted in the circuit between the high voltage and the contact. button on 
the switch for that voltage. With a seven contact switch, four values 
may be read from this one volt meter, including A battery volts. 


In all cases the minus (common) of the volt meter should be connected 
to the minus bus bar of the filaments, as shown in fig. 7,383, theneF, A, 
and B, will be plus, causing deflection of the volt meter pointer to the night, 
and C, will be minus, causing deflection to the left of zero. The switch 
should never be left on B, or C, except while taking readings. 


Several switching schemes have been worked out for the 
ontrol of the volt meter for uses such as with radio sets. 


Fig. 7,384, shows how. a standard radio jack may be used with a metal 
plug and a double range volt meter to control the on and off of the set 
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Fic. 7,384.—Volt meter and tube control with a standard jack. 1, plug removed, rheostat 
off =set off, A battery ready to charge; 2, plug in normal, rheostat on =set operating, volt 
meter showing filament voltage; 3, plug pressed entirely in, rheostat on or off =volt meter 

' indicates B battery voltage; 4, plug released, returns to normal. The switch is a standard 
radio jack plus a metal plug whose shank is 14 in. in diameter, approximately 1 1n. long 
and has a hemispherical end. The main frame of the jack 1s connected to +A and —B. 
The two prongs which usually receive the plug are connected together and to the plus bar 
of all filaments, +F. The common of the volt meter is connected to the minus bus bar of 
the main filaments. The ground G, may be connected either to +A, or to +F. The con- 
tact between the main prongs is connected to the plus terminal of the low range of the volt 
meter. The two upper contacts are connected in the high voltage, B, circuit with the multi- 
plier resistance somewhere between +B. and the plus of the low range of the volt meter. 
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as well as the indication of filament volts and B battery volts. This ar- 
rangement is ideal for radio sets having dry cells for A battery. The com- 
mon of the volt meter is connected to the minus bus bar of the main fila- 
ments. 


If one vacuum tube be used with an individual filament rheostat, the 
extra filament and rheostat should be in series with each other across the 
positive and negative bus bars of the main filaments. Then the voltage 
of the individually controlled filament would never be greater than that 
applied to the main lot, and this is shown by the volt meter. 
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Fic. 7,385 and 7 ,386.—Volt meter control switch and lock with special jack. 1, plug removed, 
rheostat off =set locked off, A battery ready tocharge; 2, plug inserted, rheostat off =volt meter 
indicates storage battery voltage; 3, plug inserted, rheostat on =set in operation, volt meter 
indicates filament voltage, lower right; 4, plug pressed slightly, volt meter indicates B 
battery voltage, upper right; 5, plug pressed entirely in =volt meter indicates C battery 
voltage, lower left; 6, plug released, returns to normal; 7, plug removed, =set locked off. 


In operation of the hook up shown in fig. 7,384 when the metal plug is 
inserted in the jack, the vacuum tube filaments immediately light up, if 
the rheostat is on, and the volt meter shows the voltage applied to the 
filaments. The filament rheostat is advanced as the dry cells age, so as 
to keep proper voltage on filaments. When the metal plug is pressed in 
so as to lift one prong and break the circuit between the volt meter and 
the plus of the filament, the pointer returns to the zero of the scale. As 
the pressure on the head of the plug is increased, the upper contacts close 
and the volt meter indicates B, battery voltage. When the operator’s 
finger is withdrawn, the plug returns to its natural position with instru- 
ment indicating filament volts. The jack will not remain in the B battery 
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position. Thus all danger of accidentally exhausting the B battery is 
avoided. When the plug is removed, the filament circuit is open. and hence 
all flow of current stopped. 


If the A, battery be of the storage cell type, the rheostat 
may be turned off when the plug is removed, so that both sides 
of the storage battery are disconnected from the set. 


In this case —B should be connected to G and to + F, and not to + A. 
With such an arrangement, the storage battery may be charged with a 
rectifier, even though this rectifier does not have a transformer with an 
insulated secondary winding. 


An ideal arrangement for multi-tube sets having storage A 
batteries 1s shown in figs. 7,385 and 7,386. 


This scheme gives every combination of circuits and every combination 
of volt meter readings that can be desired. This switch is similar to that 
shown in fig. 7,384, with an additional top contact for C battery indica- 
tion. The contact below this goes to the plus of the low range of the 
triple scale volt meter. The contact below this one goes through the 
multiplier resistance to +B. Also +F, —B, and G, are together. The 
plus of the C battery goes to —A, or to —F. In this case the minus com- 
mon of the high resistance volt meter goes to the off end of the main or 
low resistance rheostat. 


When the rheostat is off this is equivalent to —A, but when rheostat 
is on this is equivalent to —F, since the drop in the rheostat due to the 
small current of the volt meter is negligible, but the drop in the rheostat 
due to the filament current is not negligible. The functioning of this 
switch is much the same as for fig. 7,384, except that the C battery circuit 
is added. As the plug is pressed in it first disconnects the positive ter- 
minal of the volt meter from the filament circuit, then connects it through 
the multiplier resistance to the B, battery circuit. Then with further 
pressure, the plug forces the upper contacts together and the minus of 
the C, battery is connected to the normally plus terminal of the volt 
meter. This causes the volt meter pointer to deflect to the left of zero 
on the C, scale. Meanwhile the multiplier resistance current from +B, 
is shunted through the low resistance of the C battery, and thence to 
—B, without passing through the volt meter. Thus it is seen that the 
volt meter indicates C battery voltage without any appreciable error due 
to the current through the multiplier. 
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The triple scale volt meters: 5-0-7.5 and 0-150; also 6.5-0-10 
and 0-100 volts, are ideal for the switching arrangement just 
mentioned. 


With this arrangement, every operation is logical. No harm can be 
done the volt meter or the batteries. The scale readings cannot be mis- 
taken, for normal position of plug is always filament volts if set be oper- 
ating; pressure with deflection to right 1s always B, volts; greater pressure 
and deflection to left is always C, volts; release always results in return 
to normal. 
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Fic. 7,387.—Push switch scheme, with special contactors mounted on back of volt meter, for 
indicating filament, B battery and C battery volts. The contacts do not act as a battery . 
switch but merely control the volt meter. To give best results, the common of the volt 
meter is connected to the minus Of the filaments. This is preferably the plus of the C battery 
and the minus of the A battery. The minus of the B battery may be connected to either 
the plus or minus of the A battery. The B reading would include that of the A battery 
in the first case, but not in the second. The contacts of the switch shown may be made 
from standard jack contacts or may be made much smaller to go on the back of a small 
volt meter. The contact in the insulating base passes to the positive side of the vacuum 
tube filaments and also through the filament rheostat to the plus of the A battery. The 
first spring contact, normally pressing on the stationary contact, is connected to the plus 
of the low range of the volt meter. The next spring contact, normally not touching con- 
tacts at either side,.is connected through the volt meter multiplier resistor to the plus of the 
B battery. The last contact is connected directly to the minus of the C battery. 


_s 
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Thus one switch unit and one volt meter serve for all desired functions. 
and do away with all guess work as to condition of A, B, or C batteries, 
and filament voltage. Removal of the plug protects the filaments from 
being harmed by children turning on the rheostat to the extreme position. 

These general ideas may be modified in many ways. The standard jack 
construction may be followed only in part. The shank of the plug may 
have a pin in it passing through a slot in the switch head, so that the plug 
may be twisted after insertion, so that it will not slip out and accidentally 
break the circuit. The round metal plug may be replaced by a flat key 
with different side grooves or ridges, with corresponding openings in the 
different jack heads. Such a construction would be a lock against tam-. 
pering. 
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Fic. 7,388.—Filament and volt meter control with a double blade switch, with off, filament, 
A battery and B battery voltage positions. When the double blade switch is in the off 
position, one finger is in an inactive position, while the other finger is on a button contact 
leading to the negative side of the filaments. In the next position, on, the fingers bridge 
this negative filament button and a button contact leading through thé filament rheostat 
to the negative end of the A battery. This turns on the filament current and causes the 
volt meter to show filament voltage on the A, scale, one side of zero. In the next positioh, 
A, the double blade is active only through the rheostat to the A battery, the filament being 
cut off. This position causes the volt meter to show the A battery voltage, on the same A, 
scale. This is necessary in order to know when the filament battery is completely charged 
or discharged. The drop in the rheostat due to the small volt meter current is negligible, 
and hence introduces no error. In the next position B, the blade touches a contact leading 
through the volt meter multiplier resistor to the plus of the B, battery. This setting causes. 
the volt meter pointer to deflect in the opposite direction and show the B, battery voltage 
on the B, scale. The switch should not be left in the B, position for any great length of 
time. A spring may be provided to move the switch blade away from this last contact 
when the knob is released by the operator. Merely the insulated knob and a pointer may 
appear on the outside of the panel, with off, on, A and B, engraved thereon. This scheme 
has the advantage that the A and B, readings cannot be confused and that the switch con- 
trols the on and off of the Vacuum tube set as well as the functioning of the volt meter. 


4,574 Radio Instruments 


Another push switch scheme for indicating filament, B bat- 
tery and C battery volts on the triple scale double range volt 
meters, is shown in fig. 7,387. 


In operation (fig. 7,387), the volt meter will normally show filament 
‘volts whenever the rheostat is on. A slight pressure on the button breaks 
the contact to the plus of the filament and makes the contact to show B. 
battery volts. A greater pressure on the button throws the three spring 
contacts together and causes the low range of the volt meter to be con- 
nected across the C battery. The current through the multiplier continues 
to flow, not through the volt meter but through the C battery, and A bat-: 
tery to —B. Thus the volt meter pointer deflects to left of zero and shows: 
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Fic. 7,389.—Potentiometer method of obtaining correct readings of B power unit voltages: 
with galvanometer and ordinary volt meter. 


C battery volts on the C, scale. When the button is released the springs «. 
return to normal and the volt meter to filament volts. The vacuum tube 
set is turned on or off by the rheostat. 


A switching arrangement which can be made up of standard parts is 
shown in fig. 7,388. 


Milli-Ammeters.—These instruments are provided with fine : 
wire coils of many turns. Those marked in milli-amperes range : 
from 0-10 to 0-100, and are for use in plate circuits of vacuum ° 
tubes, and for other purposes where a few volts drop is not | 
harmful. 


The 0-10 milli-ammeter may have its terminals connected to a standard 
plug and thence inserted into any jack intended for head phones or loud 
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speaker, so as to measure the vacuum tube plate current in that circuit. 
The voltage drop in the milli-ammeter is much less than that in any head 
phone or loud speaker, and hence this drop is no detriment for such uses. 


A combination instrument is made with a scale of from 0-10 
milli-amperes at from 0-25 volts with arrows at 17.5 and 22.5 
volts, representing empty and full B battery block. 


With an external multiplier, this same instrument reads from 0-100 volts 
so as to show total voltage of four or less blocks of B batteries in a set. 
This instrument may be used to advantage on a B, battery eliminator, 
placing the 100 volt range clear across the main condenser, and tapping 
off, where the multiplier joins the low range resistor, to feed the detector 
at approximately one quarter total voltage. In such a case the volt meter 
readings will be correct only when the detector plate current is small 
compared with 10 milli-amperes. A bridging condenser should be used to 
keep this lowered voltage constant while the set is operating. Thus this 
one instrument serves not only as a milli-ammeter and as a double range 
volt meter, but also as a 10,000 ohm potentiometer with tap at 2,500 ohms 
for voltage reduction. 


Double Range Ammeters.—These instruments are particu- 
larly good for double duty rectifiers. 


The minus common of the ammeter is connected to the minus (anode) 
of the rectifier. Two other terminals are supplied, one for 0-5 amperes 
for A battery charging, and the other for 0-1 ampere for B battery charging. 

The usual number of plus terminals for 2, 6, 12, 22.5, 45, and 90 volt 
batteries should be supplied on the rectifier as usual. Other double ranges 
are supplied such as: 0-1.5 and 0-7.5, also 0-2 and 0-10 amperes. 


TEST QUESTIONS 


1. What is the requirement of a volt meter for radio in- 
struments? 


2. Why is it necessary that a volt meter draw a very 
small current? 


3. Why are inefficient ammeters especially undesirable? 
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10. 
11. 
1. 


13. 
14. 
15. 


16. 
17. 
18. 
19. 
20. 


Dh. 
ZL: 
Zo. 


Name an efficient type of ammeter. 


. What is the advantage of a combination instrument? 
. Name some volt meter combinations. 

. What kind of a switching device should be used? 

. How should a switch be selected? ; 
. Draw a diagram for radio connections with four dry: 


cell tubes. 


Draw a diagram showing dial switch and control 
for multi-range volt meter. 


Describe the method of volt meter and tube control with’ 
a standard jack. 


Why is a volt meter control switch and lock arranged: 
with special jack? 

Describe an ideal arrangement for multi-tube sets. 

What are the advantages of triple scale volt meters? 


Draw a diagram showing filament and volt meter con-: 
trol with a double blade switch. 


How are milli-ammeters constructed? 

What is the range of a milli-ammeter scale? 
On what circuits is a milli-ammeter used? 
How is a 0-10 milli-ammeter connected? 


How does the voltage drop in a milli-ammeter compare | 
with that in a head phone or loud speaker? 


Explain the use of a bridging condenser. 
What is the advantage of a double range ammeter? 
How is a double range ammeter connected? | 
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CHAPTER 182 


Broadcasting Stations 
(Transmitting Apparatus) 


The essential elements of a transmitting station consist of: 


1. Source of energy. 


Such as a storage battery, d.c. or a.c. supply, steam engine, or any other 
source from which energy might be obtained. 


2. Oscillator, or high frequency alternator. 


The device for converting the available energy into the form of high 
frequency currents. 


3. Controlling device. 


Such as key, which makes and breaks a circuit, or modulator which 
varies the amplitudes of the high frequency current in accordance with 
sound waves which it is desired to send out. 


4, Antenna. 


The device for radiating the energy due to the high frequency current 
into space in the form of electro-magnetic waves. 


The Vacuum Tube as an Oscillator.—A vacuum tube may 
be used as a generator of high frequency voltages, and when 
so used it is called an oscillator. When the vacuum tube is 
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used as an oscillator the A, B and C batteries form the source 
of energy and the tube is connected to the oscillatory circuit, 
so that there is coupling between the grid circuit and the 
oscillatory circuit and also between the plate circuit and the 
oscillatory circuit, as illustrated in fig. 7,390. 


From the explanation of the diagram, it is seen that by associating the 
battery source of energy and the oscillatory circuit with the vacuum tube 
in such a way as to provide suitable coupling between the plate circuit and 
the oscillatory circuit, and between the grid circuit and the oscillatory 
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Fic. 7,390.—Modified Hartley type oscillator. In operation with switch S open and S’, closed, . 
the B battery sends a steady current through the choke coil and the internal plate circuit. 
Condenser C, prevents this d.c. flowing through coil L, when S is closed, thus preventing | 
discharge of B battery through coil L, and also making the reactance of the circuit LC, to 
7.f.currentslow. When S, is closed a surge in current takes place via condenser C and coil L, 
which is absorbed from the internal plate circuit. Since the choke maintains the battery cur- 
rent steady, the variable current through coil L induces a voltage in coil L’. Assuming the 
induced voltage is such as to cause a surge of current down through coil L’, the condenser C’ 
would be charged with the plate D positive. The voltage across this condenser would then 
be in opposition to the original grid bias, and would, consequently make the grid less negative 
than before. This decrease in negative grid voltage would effect an increase in the internal 
plate current. Because of the choke coil in the battery circuit the increased current must 
flow down through the coil L, and up through the condenser C, which in turn would induce a 
voltage in the coil L’, causing a surge of current up through this coil and charging the con- 
denser C’ with the plate H, positive. Now, the voltage across the condenser C’, aids the : 
original grid bias and results in an increased negative grid voltage and therefore the current | 
from plate to filament is decreased again, with the resulting surge of current down through 
C, and up through L, which induces a voltage in L’, and so the cycle is repeated indefinitely. : 
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Fic, 7,391.—Arrangement of elements of radio transmitting station. 
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Fic. 7,392.—Arrangement of elements of Hollywood broadcasting station KNX. The most interesting units are the mixer, the mas- 
‘ter pain; and thé equalizing pads; the latter are merely circuit elements designed to match the relay signal output to the telephone 


line. The amplifier consists of three stages, using 250 watt tubes, And the power amplifier of two 10 kw. tubes. Plate modulation 
is used, the modulator — capacity coupled to the 50 watt 7.f. amplifier. 
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circuit, there is produced sustained oscillations, thus some of the available 
battery energy is converted into the form of high frequency currents. 


Because of the amplifying action of the vacuum tube, the alternating 
voltage across the grid condenser C’, during a given cycle would result in 
an increased alternating voltage across the coil L, in the plate circuit, and 

consequently with sufficiently close coupling between L and L’, the voltage 
induced in coil L’ would be greater than that which previously existed across 
the condenser C’. For this reason the amplitude of each cycle would be 
greater than that of the preceding cycle, and the oscillations of the plate 
current would continue to increase until the instantaneous values of plate 
current varied between some maximum and some minimum determined by 
the coupling and the constants of the circuit. The form of this oscillating 
plate current is shown in fig. 7,394. 
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Fic. 7,393—Circuit diagram of a broadcasting station. 


Broadcasting Station Circuits ——One example of a trans- 
mitting circuit is shown in fig. 7,393. The oscillator used in 
this circuit contains two tubes in parallel and is of the Meisner 
type. The modulator also employs two tubes in parallel, and 
modulation is effected by means of variation of the input power 
(Heising system). 
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The general arrangement of the various units comprising the. 
apparatus of a large transmitting station 1s clearly shown in 
the circuit sequence diagram of Hollywood Station KNX, as 
shown in fig. 7,392. 


By means of the master gain controls the sound level is kept down 
within reasonable limits. The speech currents are mixed, amplified twice, 
and then sent through the equalizing pads, over the telephone wires, am- 
plified again in the telephone exchange, and yet again at the station before 
entering the modulator. The monitoring 1s done here, and the needle of 
the meter is not allowed to swing past the red mark on either side of zero. 
All equipment is, of course, in duplicate as an emergency measure. 







OSCILLATING’ PLATE CURRENT, . 


Fic. 7,394.—Diagram showing form of the oscillating plate current. 


TEST QUESTIONS 


1. What other name is given to a broadcasting station? 
. Name the essential elements of a transmitting station. 


3. Is an aerial or an antenna used at a broadcasting 
station? 


4. Describe an oscillator. 


5S. Draw a diagram showing the various circuits of a 
broadcasting station. 
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CHAPTER 183 


Radio Troubles 


The service man, in order to intelligently cope with the 
various faults liable to develop in radio sets should be provided 
with a compact portable testing set of which there are a number 
of good ones available. 

The author has selected for illustration in this chapter a test 
set known as a Diagnometer, Model 400 B, made by the Su- 
preme Instrument Corp. It comprises equipment for testing 
as follows: 


1. Tube tester 5. Analyzer 

2. Modulated radiator 6. Continuity tester 

3. Resonance indicator 7. Rejyuvenator 

4. Neutralizer 8. External use of meters 


The first step in servicing should be a preliminary inspection of the op- 
erating characteristics of the radio, and as this can best be done by actu- 
ally tuning the radio to signals, if the radio be not completely inoperative, 
it is advisable to put the modulated radiator in operation. After a pre- 
liminary examination of the radio, the next step should be the testing of 
the tubes used in the radio, which is also accomplished with the modulated 
radiator circuits, preferably powered through the power plant. 


Putting the Power Plant in Operation.— Where alternating 
current power, of the voltage and frequency for which the 
testing set is designed, is available, the following procedure 
puts the power plant in operation for powering the modulated 
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Fic. 7,395.—Supreme diagnometer showing front panel markings. The markings are: 

1. Oscillator coil pin jacks marked B.P.G.F.; 

2. A.c. volt meter, 4 scales 750/150 /16 /4 /0; 

3. A.c. line jack, for connecting 150 volt scale of a.c. volt meter 2, across a.c. supply line 21; 


4. Pole changer push button switch for reversing connections to the d.c. volt meter 8, when the needle backs off scale during d.c. 
filament 29, or cathode 5, analysis; 


5. Cathode bias jack, for indicating cathode biases on the 100 volt scale of the d.c. volt meter 8, when analyzing from UY sockets 
with the UX heater switch 20, in the heater position; 


6. D.c. milli ammeter, the 125 mil. scale of which is in the common plate circuit of the 4 sockets 19 and 22. The 24 ampere scale 
18 available externally only; 
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Fic. 7,399.—~ Text continued. 


7. Milli ammeter switch for opening a shunt for the 25 milli ampere scale range 6, 
8. D.c. volt meter, 4 scales, 750 /250 /100 /10 /0; 
9, Analyzer adapter for UY sockets; 


10. Universal analyzer plug. This plug should be removed from any radio as socket before 
connecting the dtagnometer to the a.c. supply line 21; 


‘11. Control grid contact lug on the analyzer plug 10; 
12. Top heater tube filament contacts on the analyzer plug 10; 
13. Adapter release on the analyzer plug 10; 
14. Jack for rejuvenating 5 volt tubes of thoriated filament-types; ~*” 
15. Jack for rejuvenating 3 volt tubes of thoriated filament types; 
16. Overhead (top) heater tube filament pin jacks; 
17. Polarized series socket adapter for 100 watt Mazda protective lamp; 
18. 100-watt Mazda lamp; ‘ 
19. Load sockets used when analyzing from radio tube sockets; 


20. UX heater switch. To be left in heater position when analyzing from radio sockets which 
utilize tubes having independent cathodes. For all other tube socket analysis, leave the™ 
switch in the UX position; . | 


21. A.c. power supply cord and plug. To be detached when analyzer plug 10, is to be inserted 
in any radio tube socket; 


22. Tube testing sockets used when the testing set employs any tube while connected to an a.c. 
power supply system; 


23. Screen grid jack for connecting to the control grid contact on top of any screen grid tube 
placed in any of the testing set tube sockets; 


24. Switch to be depressed when testing screen grid tubes and the second plate of full wave rec- 
tifying tubes placed in either tube testing socket 22; 


25. Switch for applying either of two grid voltages to the grid of any tube placed in a tube testing 
socket 22; 


26. A.c. filament jack for connecting 16 volt scale of a.c. volt meter 2, across the filament con- 
tacts of the analyzer plug 10; 


27. Push button switch for shunting G and F of the oscillator coil pin jacks 1, to stop oscillation 
of any amplifier tube used in a tube testing socket 22; 


28. A.c. filament jack for connecting the 4 volt scale of the a.c. volt meter 2, across the filament 
contacts of the analyzer plug 10; 


29. D.c. filament jack for connecting the 10 volt scale of the d.c. volt meter 8, across the filament 
contacts of the analyzer plug 10; 


30. Grid jack for connecting the 100 volt scale of the d.c. volt meter 8, across the grid and 
cathode contacts of the analyzer plug 10, for indicating negative grid bias; 


31. Screen grid jack for connecting the 100 scale of the d.c. volt meter 8, across the grid and 
cathode contacts of the analyzer plug for indicating positive screen grid bias; 


32. Control grid jack for connecting the 10 volt scale of the d.c. volt meter 8, across the control 
grid contact lug 11, and the cathode contact of the analyzer plug 10, for indicating negative 
control grid bias; 

33. Plate jack for connecting the 100 volt scale of the'd.c. volt meter 8, across the plate and 
cathode contacts of the analyzer plug 10 for indicating positive plate voltages below 100 volts; 

34. Plate jack for connecting the 250 volt scale of the d.c. volt meter 8, across the plate and 


cathode contacts of the analyzer plug 10, for indicating positive plate voltages between 100 
and 250 volts; 
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radiator for a test of the tuning characteristics of a radio, for 
the testing of tubes, and for other purposes: 


1. Remove the oscillator coil from its pin jack position. 
2. Open all switches on the panel of the testing set. 


3. Clear the analyzing plug and all jacks of the testing set from contact 
with any electrical conductors which might short circuit any of the jack 


ven, 








Fic. 7,396.—Supreme radio diagnometer in carrying case which provides adequate space for all - 
tools that may be required as well as spare tubes and parts. Illustration shows oscillator coil 
in position and swinging tube shelf that provides accessibility and protection to tubes. In- 
strument can be used in carrying case or removed, as desired. 


Fic. 7,395 .—Text continued. 


35. Plate jack for connecting the 750 volt scale of the d.c. volt meter 8, across the plate and 
cathode contacts of the analyzer plug 10, for indicating positive plate voltages between 250 
and 750 volts; 

36. Power plant jacks for applying a filament voltage which corresponds to the filament rating 
of any tube placed in either of the tude testing sockets 22, when the testing set is connected 
with the supply cord 21, to an a.c. supply system. 
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switches, or which might be grounded or directly connected to the common 
alternating current system. This will avoid the possibility of shunting. 
power supply around the protective resistor. 


4. Remove the prescribed protective resistor from its series socket of 
the a.c. connector cord. 


5. Connect the testing set to a convenient a.c. supply socket, using the 
a.c. connector cord with its series socket vacant. 


6. Close the a.c. line switch. If the a.c. volt meter show any reading, 
the series socket is shorted, and the deficiency must be corrected before 
proceeding with any test. | 


7. If the a.c. volt meter show no reading, replace the protective re- 
-sistor in its series socket of the a.c. supply connector cord. The a.c. line 
voltage should then be indicated on the a.c. volt meter. This switch may 
remain closed so that line voltage fluctuations may be observed. A shorted 
tube, or other short circuit within the circuits upplied with the power 
plant will be indicated by a radical drop of the volt meter reading. 


Putting the Modulated Radiator in Operation.—With the 
power plant in operation, the following steps complete the set 
up of the modulated radiator for a check up of the pick up 
characteristics of a radio, for tube testing, and for other pur- 
poses: 

1. Insert the oscillator coil, with its label to the front,-in its prescribed 
position. 

2. Throw the UX heater switch to its heater position. 


3. Place a good oscillating tube in one of the tube testing sockets. Use 
a clip pin plug lead for connecting the top control grid contact to the 
screen grid pin jack on the instrument pane! 


4. Throw the biasing toggle switch to the position for maximum oscillation. 


5. Leave the ammeter milli-ammeter scale switch in position for read- 
ings on the highest available scale of the meter. 


6. Close the power plant switch, the voltage marking of which corre- 
sponds to the filament specification of the tube which has been placed in 
one of the tube testing sockets. 


7. When using screen grid tubes, close the test S. G. tubes switch mo- 
mentarily for obtaining plate readings of the tube. 
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Fic. 7,397—Supreme diagnometer showing rear panel markings for external connections. 


The markings of the diagnometer (fig. 7,397) are: 

A. Connects to negative side of 125 mil. scale of d.c. milli-ammeter 6. Positive side connects ‘to D. 25 mil. scale available by de- 
pressing milli-ammeter switch 7. 

B. Connects to one side of primary circuit of audio transformer. Other side of primary connects to P; 

C. Common positive connection for all scales of d.c. volt meter 8. Negative connections available at O and Q when a corresponding 
jack 29, 33, 34 or 35 is closed; 

D. Common positive connection to d.c. milli-ammeter 6. Negative 125 scale available at A, without closing any switch or jack. 
Negative 25 mil. connection completed at A, by depressing milli-ammeter switch a Negative connection to 24 ampere scale of 
d.c. milli-ammeter 6, completed at F, without closing any switch or jack. 

EF. One side of 30 ohm rheostat X, and thermo couple heater unit of d.c. volt meter 8. Other side of 30 ohm rheostat available at 
V. Rheostat should not be used as a filament control with a battery hook up of the testing set; 

F. Negative connection to 214 ampere scale of d.c. ammeter 6. Positive connection completed at D, without closing any switch or 
jack; 

G. One side of secondary winding of audio transformer which is completed at T;- 


H. One side of third (low impedance secondary) winding of audio transformer. The other side is completed at E; 
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8. The plate current, which includes whatever additional current which 


may be induced by the oscillatory circuit, will then be indicated on the 
milli-ammeter. 


9. If the current reading do not exceed the next lower scale limit, the 
milli-ammeter scale switch should be closed to the position for readings on 
the next lower scale. Observe the value of the current. 


10. Close the oscillation switch and observe the plate current reading 
with the tube not in an oscillating condition. The audible strength of 


the radiated signal will generally be in proportion to the difference in the 
current readings obtained. 


Operating Modulated Radiator with Batteries.— Where alter- 
nating current power supply of the voltage and frequency for 
which the testing set is designed is not available, the oscillatory 





Fic. 7,397 .—Text continued. 


I. One side of 500,000 ohm variable resistor Y. The other side is completed at K, the resistor 
being independent of all other circuits; 


J. One side of 750 volt scale range of a.c. volt meter 2. The other side is completed at L, without 
closing any panel switch or jack; 


K. One side of 500,000 ohm variable resistor. The other’side is available at I; 


L. Common connection for all scales of a.c. volt meter 2. The other side of the 4 and 16 volt 
scale ranges is available at U, when a corresponding panel jack 28, or 26, is closed. The other 
side of the 150 volt scale range is available at D, when the a.c. line panel jack 3, is closed. 


The other side of the 750 volt scale range is available at J, without closing any panel switch 
or jack; 


M. One side of thermo couple heater unit. The other side is available at E: 


N. To be connected to C, for closing thermo couple heater unit to 1 mil. movement of d.c. volt 
meter 8; 


O. Connects to negative side of 10-scale of d.c. volt meter when panel jack 29, is closed for com- 
pleting the positive meter connection to C; 


P. One side of audio transformer primary. The other side terminates at B; 


Q. Connects to negative side of 100, 250 and .750 volt scale ranges of .d. c. volt meter 8, when a 


corresponding panel jack 33, (34 or 35, is closed for completing the positive meter connection 
to C; 


R. One side of 0.001 mfd. fixed condenser. The other side connects to T; 
S. One side of 0.002 mfd. fixed condenser. The other side connects to T; 


T. Common connection of each condenser terminating at R, S, and U; also connects to filament 
end of audio transformer secondary; 


U. One side of 1 mfd. fixed condenser. The other side connects to T; 
V. One side of 30 ohm rheostat X. The other side connects to E; 

W. Connects directly to V; 

X. Control knob of 30 ohm rheostat available at E and V; 

Y. Control knob of 500,000 ohm variable resistor available at I and K. 
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Fic. 7,398.—Supreme oscillator operation modulated with @.c. supply. 


A. Remove any jumpers or test leads which may have been left connected to the instrument, open all jack switches on the panel, 
and clear the analyzer plug 10, from contact with any electrical conductors which may be grounded or connected to the common 
a.c. supply system. 


B. Insert the polarized series socket adapter 17, without the 100 watt Mazda lamp 18, in the receptacle on the end of the tray; 
C. Connect the supply plug 21, to a convenient a.c. supply outlet; 


D. Close the a.c. line jack 3. If the a.c. volt meter 2, show a reading, the series socket adapter 17, is shunted and the deficiency 
must be corrected before proceeding with any test; 


E. If the a.c. volt meter 2, show no reading, place the 100 watt Mazda lamp 18, in the series socket adapter 17. The a.c. supply 
voltage should then be indicated on the a.c. volt meter 2. No device other than the prescribed 100 watt lamp 18, should be used 
in the series socket adapter 17. A lower resistance would endanger the milli-ammeter; 


F. Insert the oscillator coil with its label to the front, in the prescribed position 1; 
G. Place an amplifier tube of any type, except a screen grid or top heater, on one of the tube testing sockets 22; 
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circuits of the modulated radiator may be powered with bat- 
teries, the hook up procedure being as follows: 


1. Connect the common positive (d.c.) external pin jack of the test- 
ing set to the positive terminal of a battery the voltage of which is regu- 
lated to meet the filament voltage specification of the tube to be placed 
in either of the tube testing sockets. 


2. Connect the —10 d.c. external pin jack to the negative terminal of 
the filament supply battery. | 


3. Connect the external milli-ammeter positive pin jack to the positive 
terminal of a 45 volt B battery. 


4. Join the negative terminal of the 45 volt B battery to the positive 
‘terminal of the filament battery. 


5. Close the d.c. Fil. switch of the testing set for observing the filament 
voltage. 


6. Insert the oscillator coil in its prescribed position. 
7. Place a tube in one of the tube testing sockets. 


Using the Modulated Radiator for Tube Testing.—Tube 
testing 1s probably the most important phase of radio servicing, 
and every test or analysis of any radio should be preceded by 
a test of the tubes used in the radio with whatever replacements 
and rearrangements of the tubes may be required for the best 


Fic. 7,398 —Text continued. 


H. Remove the jack plunger from the a.c. line jack 3, and insert it in the power plant jack 36, 
the voltage marking of which corresponds to the filament rating of the tube which has been 
placed in the tube testing socket 22; 


I. If the tube be generating oscillations, modulated 7.f. signals should now be radiated at about 
five different frequencies within the broadcast band. These signals may be tuned in with any 
operative radio for synchronizing, neutralizing, or other purposes; 


J. The harmonic frequencies may be changed somewhat by changing the position of the ze7o 
bias toggle switch 25; 


K. If it be desired to increase the pickup strength of the signals, the oscillator coil intermediate 
winding, which terminates at two pin jacks on the back of the coil, may be coupled with test 
leads to the pickup circuits of a radio under test; 


L. If the oscillator signals be too strong and broad, their strength may be reduced and the tuning 
sharpened by changing the position of the jack plunger to a power plant jack of a voltage mark- 
ing lower than the filament rating of the tube. 
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Fic. 7,399.—Supreme tube testing with a.c. supply. PART 1.—Except screen grid, rectifier, and top heater tubes. 


A. Remove any jumpers or test leads which may have been left connected to the instrument, open all jack switches on the panel, 
and clear the analyzer plug 10, from contact with any electrical conductor which may be grounded or connected to the common a.c. 
supply system; 

B. Insert the polarized series socket adapter 17, with a 100 watt Mazda lamp 18, in the receptacle on the end of the instrument 
tray. If any device other than a 100 watt Mazda lamp 18, should ever be used in the series socket adapter 17, the milli-ammeter 6, 
might be harmed or show incorrect readings; 

C. Connect the supply plug 21, to a convenient a.c. supply outlet; 
D. Close the a.c. line jack 3, and observe the supply voltage on the 150 scale of the a.c. volt meter 2; 
E. Insert the oscillator coil, with its label to the front, in the pin jacks 1, marked B.P.G.F. on the panel; 


F. The tube to be tested should be placed in one of the tube testing sockets 22. 
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yperation of the radio. With the modulated radiator in opera- 
ion, the following procedure is necessary to accomplish tube 
esting: 
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, Fic. 7,399 .—Text continued. 
G. Throw the biasing toggle switch 25, to its zero position; 
H. Close the power plant jack 36, the voltage marking of which corresponds to the filament 


1. If the radiator be powered with alternating current, close the a.c. 
line switch and observe the line voltage reading on the a.c. volt meter. 
All tube testing tables are graduated on line’ voltage readings; and on the 
use of a 45 volt B battery where alternating current supply is not available. 


2. Place the tube to be tested in one of the tube testing sockets. 
3. Throw the biasing toggle switch to its zero position. 


4. Leave the milli-ammeter scale switch in position for readings on the 
highest available scale of ‘the mulli-ammeter. 


o. If utilizing a.c. power supply, close the power plant switch the voltage 
markings of which correspond to the filament specifications of the tube 
which has been placed in one of the tube testing sockets. 


6. When testing screen grid tubes close the test S$. G. tubes switch 
momentarily for obtaining the proper plate readings of the tube. 


7. The plate current, which includes whatever additional current which 
may be induced by the oscillating circuit, will then be indicated on the 
milli-ammeter. 


8. If the current reading’ do not exceed the next lower scale limit, the 
milli-ammeter scale switch should be closed to the position for readings on 


_ the next lower scale. Observe the value of the current. 





rating of the tube; 


I. As the tube attains its operating temperature, the plate current of the tube, as modified by 
the 7.f. pulsations induced by the oscillatory circuit, will be indicated on the 125 scale of the 


d.c. milli-ammeter 6. If the plate current reading 6, is less than 25 milli-amperes, the milli- 
ammeter push button switch 7, may be depressed for a more discernible reading on the 25 
mil. scale; 


J. Depress the stop oscillation button 27, for observing the plate current reading of the tube ina 


non-oscillating condition; 


| K. With the stop oscillation button 27, depressed, throw the biasing toggle switch 25, to its bias 


position. The resulting change in plate current 6, is an indication of the amplifying merits 
of the tube under test, the greater the change for any type of tube the better the tube; 


| L. Release the stop oscillation button 27, and observe the plate current reading 6, of the tube, as 


‘modified by the 7.f. pulsations induced by the oscillatory circuit, with the zero bias toggle 
switch 25, in its bzas position. A comparison of this reading on different good tubes of the 
same type affords an excellent means for matching tubes for the tuned stages of a radio; 


| M. The four plate’current readings obtained may be compared with the tube testing tables, 


which indicaft average relationships in tube characteristics. 
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9. Except when testing rectifier tubes, close the oscillation switch and 
observe the plate current reading with the tube not in an oscillating con- 
dition. 

10. Except when testing rectifier tubes the biasing switch may be thrown 
to its bias position, repeating the two preceding steps. 


11. Compare the readings obtained with the readings shown in _ tube 
testing tables. 


12. Repeat above routine for each tube to be tested. 


If there be a radical difference between the values of plate 
current in each of the plate circuits of a full wave rectifier of 
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Fic. 7,400.—Supreme tube checker; portable model for either counter or portable use, with lid 
mounted on slip hinges, handle and detachable cord. It provides the following features: 
1, tests pentode tubes and the new 2 volt 30 series tubes; 2, tests screen grid tubes with voltage 
closely approaching operating conditions; 3, full size 314 1n. meter, full bakelite case; 4, 
double scale meter, both scales calibrated; 5, large size transformer; 6, correct filament volt- 
ages applied to every type tube; 7, off and on switch. 


NOTE .—Screen grid tube testing with a.c. supply, fig. 7,399. 


A. Remove any jumpers or test leads which may have been left connected to the instrument, 
open all jack switches on the panel, and clear the analyzer plug 10, from contact with any 
electrical conductors which may be grounded or connected to the common a.c. supply system; 


B. Insert the polarized series socket adapter 17, with a 100 watt Mazda lamp 18, in the recep- 
tacle on the end of the instrument tray. If any device other than a 100 watt Mazda lamp 18, 
should ever be used in the series socket adapter 17, the milli-ammeter 6, might be harmed or 
show incorrect readings; 


C. Connect the supply plug 21, to a convenient a.c. supply outlet; 


D. Close the a.c. line jack 3, and observe the supply voltage on the 150 scale of the a.c. volt 
meter 2; 


E. Insert the oscillator coil, with its label to the front, in the pin jacks 1, marked B.P.G.F. on 
the panel; 


F. The tube to be tested should be placed in one of the tube testing sockets 22, with its top 


control grid contact connected with a short clip pin plug lead to the screen grid 23, panel pin 
jack. 
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the filament type, the tube may not perform as efficiently as 
it would were both plate current values normal. 


If it be desired to test both plates of full wave rectifying tubes of the 
filament type, depress the test S. G. tubes for obtaining a reading on the 
second plate. 


Setting up the Rejuvenator.—Where alternating current 
power supply is available and it is desirable to rejuvenate tubés 
of the thoriated filament type, the following procedure should 
be followed for rejuvenating tubes in the sockets of the testing 
set: 


1. Put the power plant in operation, but close no switches in the power 
plant. 


2. Place a tube to be rejuvenated in the UX tube testing socket. A 
tube to be rejuvenated may also be placed in the UX load socket by closing 
the d.c. Fil. switch and throwing the UX to Heater switch to the UX 
position. 


NOTE—Continued. 
G. Throw the biasing toggle switch 25, to its zero position; 


H. Close the power plant jack 36, the voltage marking of which corresponds to the filament 
rating of the tube; | 


I, After the tube attains its operating temperature, depress the test screen grid tubes push 
button switch 24. The plate current of the tube, as modified by the 7.f. pulsations induced by 
the oscillatory circuit, will then be indicated on the 125 mil. scale of the d.c. milli-ammeter 6. 


If the plate current reading 6, in fig. 7,399, be less than 25 milli-amperes, the milli-ammeter 
push button switch 7, may be depressed for a more discernible reading on the 25 mil. scale. 


J. Depress the stop oscillation button 27, for observing the plate current reading of the tube 
in a non-oscillating condition; 

K. With the stop oscillation button 27, depressed, throw the biasing toggle switch 25, to its 
bias position. The resulting change in plate current 6, is an indication of the amplifying merits 
of the tube under test, the greater the change for any type of tube the better the tube; 


. L. Release the stop oscillation button 27, and observe the plate current reading 6, of the tube, 
as modified by the 7.f. pulsations induced by the oscillatory circuit, with the zero bias toggle 
switch 25, inits bias position. A comparison of this reading on different good tubes of the same 
type affords an excellent means for matching tubes for the tuned stages of a radio; 


M. The four plate current readings obtained may be compared with tube testing tables 
which indicate average relationships in tube characteristics. 
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Fic. 7,401—Supreme tube testing with a.c. supply. PART 2. Rectifier (thermionic) tubes. 


A. Remove any jumpers or test leads which may have been left connected to the instrument, open all jack switches, and clear the 
analyzer plug 10, from contact with any electrical conductor which may be grounded or connected to the common a.c. supply 


system; 

B. Insert the polarized series socket adapter 17, with a 100 watt Mazda lamp 18, in the receptacle on the end of the instrument 
tray. If any device other than a 100 watt Mazda lamp 18, should ever be used in the series socket adapter 17, the milli-ammeter 
6, might be harmed or show inaccurate readings; 

Cc. Connect supply plug 21, to a convenient a.c. supply outlet; 

I). Close the a.c. line jack 3, and observe the supply voltage on the 150 scale of the a.c. volt meter 2; 


E. Insert the oscillator coil, with its label to the front, in the pin jacks 1, marked B.P.G.F. on the panel; 


F. The tube to be tested should be placed in the UX tube testing socket 22; 8 ss i 


~o68% 
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, 3. Completely close the rejuvenaior switch. 


4. After 15 seconds place the rejuvenator switch in its semi-closed 
. (notched) position. 


5. After 10 or 15 minutes, take a test reading of the tubes which have 





' Fic. 7,401—Text continued. 


’ G. Close the power plant jack 36, the voltage marking of which corresponds to the filament 
_ rating of the tube; 


1H. The current of one plate will be indicated on the 125 mil. scale of the d.c. milli-ammeter 6; 


| I, When testing a full wave rectifier tube, depress the test screen grid tubes push button switch 
24, for obtaining the plate current reading of the other plate; 


, J. The plate current readings obtained may be compared with tube testing tables, which 
indicate average relationships in tube characteristics. 


NOTE.—Overhead (top) heater tubes (fig. 7,401). 


A. Remove any jumpers or test leads which may have been left connected to the instrument, 
' open all jack switches on the panel, and clear the analyzer plug 10, from contact with any 
» electrical conductor which may be grounded or connected to the common a.c. supply system; 


B. Insert the polarized series socket adapter 17, with a 100 watt Mazda lamp 18 in the 
receptacle on the end of the instrument tray. If any device other than a 100 watt Mazda lamp 


18, should ever be used in the series socket adapter 17, the milli-ammeter 6, might be harmed or 
show incorrect readings; 


C. Connect the supply plug 21, to a convenient a.c. supply outlet; 


D. Close the a.c. line jack 3, and observe the supply voltage on the 150 scale of the a.c. volt 
meter 2; 


E. Insert the oscillator coil, with its label to the front, in the pin jacks 1, marked B.P.G.F. 
on the panel; 


F. The tube to be tested should be placed in the UX tube testing socket 22, with its overhead 
(top) heater contacts connected with short clip-pin plug leads to the overhead filament 16, panel 
pin jacks; 

G. Throwthe biasing toggle switch 25, to its zero position; 

H. Close the 3-3.3 V tubes power plant jack 36; 


I. As the tube attains its operating temperature, the plate current of the tube, as modified by 
the 7.f. pulsations induced by the oscillatory circuit, will then be indicated on the 125 mil. scale of 
the d.c. milli-ammeter 6. If the plate current reading 6, be less than 25 milli-amperes, the 


milli-ammeter push button switch 7, may be depressed for a more discernible reading on the 
29 mil. scale 6; 


J. Depress the stop oscillation button 27, for observing the plate current reading of the tube in 
a non-oscillating condition; 


K. With the stop oscillation button 27, depressed, throw the biasing toggle switch 25, to its 
bias position. The resulting change in the plate current 6, is an indication of the amplifying 
merits of the tube under test, the greater the change for any type of tube the better the tube; 


L. Release the stop oscillation button 27, and observe the plate current reading 6, of the tube, 
as modified by the 7.f. pulsations induced by the oscillatory circuit, with the zero bias toggle 
switch 25, inits b¢as position. A comparison of this reading on different good tubes of the same 
type affords an excellent means for matching tubes for the tuned stages of a radio. 


M. The four plate current readings obtained may be compared with tube testing tables, 
which indicate average relationships in tube characteristics. 
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been subjected to the rejuvenating process to ascertain the progress of 
the rejuvenation. 


6. If tubes be restored no further rejuvenation is necessary. If not, the 
process should be repeated until the tube emission is restored or until it is 
clearly apparent that the tube is worn out or exhausted and will not re- 
spond to rejuvenation. 


As many as 12 tubes may be rejuvenated at one time by: 
utilizing the tube sockets of a d.c. radio, the filament contacts 
of which are wired in parallel. An improvised bank of sockets: 
may be utilized for connecting'the filaments together. 

The following procedure should be followed in utilizing the. 
tube sockets of a d.c. radio for holding the tubes during re- 
juvenation: . | 


1. Disconnect the ground lead from the radio. 
2. Disconnect the battery or other power supply leads from the radio. 


3. Turn all manually controlled rheostats to their full On positions so 
as to remove rheostat resistances from filament circuits of the radio. 


4. Shunt out all automatic filament control devices. 


5. Remove one of the tubes from the radio, and insert the analyzer. 


plug in the vacant socket. 7 


6. Fill all other tube sockets of the radio with tubes to be rejuvenated, 
the total number of tubes not to exceed 12. 


7. Close the d.c. Fil. switch so as to combine the analyzer circuits with 
the rejuvenator circuits. 


8. Repeat steps through 6 of the preceding paragraph. 


It must be remembered that only tubes of the thoriated filament type 
which have been paralyzed or over loaded can be restored by rejuvenation. 
Worn out or exhausted tubes of this type, or tubes of any other type of 
filament cannot be rejuvenated. 


Tube Socket Analyzing.—As the fundamental operating 
characteristics are practically the same for all radios, for the 
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purposes of analysis, the circuits of a radio fall into two classi- 
fications, namely: the tube socket circuits which are always di- 
rectly supplied with voltages from the radio power supply sys- 
tem, and may always be subjected to tube socket analysis, and 
the input (pick-up) and output (audible reproducer) circuits, 
which may or may not be directly connected to the radio 
power supply system, and may require the use of some method 
of testing other than that afforded by tube socket analysis. - 


The electrical characteristics of the circuits not amenable to tube socket. 
-analysis may be determined by their reaction to the modulated radiator 
with the radio in operation. The location of defects in these circuits will 
be discussed along with the instructions for the use of the continuity tester. 


If properly connected, each filament, plate, grid and cathode 
circuit of a radio terminates at a tube socket. 


In other words, the radio is built to fit the tube, which is the heart of 
radio circuits; and the tube circuits constitute the arteries, veins, and 
nerves of the radio, centering at the tube sockets at which most of the 


needed information as to the operating characteristics of a radio may be 
ascertained. 


At one time it appeared probable that all tubes would be built on stand- 
ard UX bases, but the advent of the indirect heater type introduced the 
UY base. The later appearance of the screen grid tubes introduced an- 
other tube element with its contact at the top of the tube. The newer 
types of radios will probably be built with relatively fewer UX sockets. 
Until a standard socket arrangement is adopted for all tubes and radios, 
adapters will be necessary for the interchanging of tubes and sockets. A 
familiarity with the use of adapters is essential for tube socket analyzing. 


Analyzing Adapters.—The diagnometer is provided with a 
plug which requires the use of only one adapter for analytical 
tests on all radios, including screen grid types and overhead. 
heater filament types, employing UX or UY tube sockets. 
No tube base adapter is required for placing any UX or UY 
tube in the sockets of this model. 
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Fic. 7,402—Supreme analyzing radio tube sockets. PART 1—Triode tubes, UX and UY sockets. 

A. Remove the oscillator coil from the oscillator coil pin jacks 1, and remove all jack plungers and connecting leads from the 
diagznometer ; 

B. With the radio to be analyzed turned off remove a tube from the radio and place the tube in the load socket 19, which will 
accommodate the tube without an adapter; 

C. Throw the U X heater switch 20, to the U X position for UX tubes and to the heater position for UY tubes; 

D. Insert the analyzer plug 10, using the adapter 9, if required, into the radio tube socket; 

E. Turn the radio on and adjust the volume and tuning controls to whatever positions may be recofnmended by the radio manu- 


facturer for analyzing. The plate current load of the tube will be indicated on the 125 mil. scale of the d.c. milli-ammeter 6, 
during the analysis. If the reading be less than 25 milli-amperes, the press for 25 mil. scale milli-ammeter push button switch 





7, may be depressed for a more exact reading on the 25 scale of the meter. If the tube be good, a normal reading on the d.c. 
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Fic. 7,402.—Text continued. 


-milli-ammeter 6, generally indicates continuity of all radio circuits terminating at the socket 
. being analyzed; 


¥. If it be desired to continue the analysis on the same socket, insert the jack plunger in the a.c. 
filament jack 26, or 28, the scale marking of which least exceeds the filament rating of the 
tube. The filament voltage should then be indicated on the a.c. volt meter 2, scale which 
corresponds to the closed jack 26 or 28; 


G. Insert the jack plunger in the plate jack 33, 34, or 35, the scale marking of which least exceeds 
the plate voltage specified for the radio tube socket. The applied plate voltage should then 
be indicated on the d.c. volt meter 8, scale which corresponds to the scale marking of the 
closed jack 33, 34, or 35; 


H. The negative grid voltage should be indicated on the 100 scale of the d.c. volt meter 8, when 
the jack plunger is placed in the grid jack 30. Ifthe grid of the radio tube socket being ana- 
lyzed be resistance coupled to the preceding stage, a more accurate reading of the applied grid 
voltage will be indicated by connecting a test lead between the grid contact of the unoccupied 
load socket 19, and the grid return which is usually the grounded chassis of the radio; 


I. -A negative cathode bias applied to a UY radio tube socket under analysis should be indicated 
directly on the 100 scale of the d.c. volt meter 8, when the jack plunger is placed in the 
cathode jack 5. If the d.c. volt meter 8, needle backs off scale, depressing the pole changer 
push button switch 4, affords a direct reading of positive cathode biasing. 





NOTE.—Screen grid tube socket analysis (fig. 7,402). 


A. Remove the oscillator coil from the oscillator coil pin jacks 1, and remove all jack piungers 
and connecting leads from the diagnometer; 


B. With the radio to be analyzed turned off remove a tube from the radio and place the tube 
in the /oad socket 19, which will accommodate the tube without an adapter; 


_C. Connect the top control grid contact of the tube with a short clip pin plug lead to the 
screen grid pin jack 23, on the panel; 


D. Throw the U X-heater switch 20, to the UX position for UX tubes and to the heater 
position for UY tubes; 


E. Insert the analyzer plug 10, using the adapter 9, if required, into the radio Bike socket. 


F. Connect the control grid contact lug 11, of the analyzer plug 10, to the control grid clip of 
the radio tube socket; 


G. Turn the radio on and adjust the volume and tuning controls to whatever positions may 
be recommended by the radio manufacturer for analyzing. The plate current load of the tube 
will be indicated on the 125 mil. scale of the d.c. milli-ammeter 6, during the analysis. If the - 
reading be less than 25 milli-amperes, the press for 25 mtl. scale milli-cammeter push button 
switch 7, may be depressed for a more exact reading on the 25 scale of the meter. If the tube be 
good, a normal reading on the d.c. milli-ammeter 6, generally indicates continuity of all radio 
circuits terminating at the socket being analyzed; 


H. If it be desired to continue the analysis on the same socket, insert the plunger in the a.c. 
filament jack 26, or 28, the scale marking of which least exceeds the filament rating of the tube. 
The filament voltage should then be indicated on the a.c. volt meter 2, scale which corresponds 
to the closed jack 26, or 28. If the filament of the radio tube socket be supplied with a direct 
current voltage, the d.c. filament jack 29, should be used instead of an a.c. filament jack 26, or 
28, for indicating the d.c. filament voltage on the 10 scale of the d.c. volt meter 8; 


I. Insert the jack plunger in the plate jack 33, 34, or 35, the scale marking of which least 
exceeds the plate voltage specified for the radio tube socket. The applied plate voltage should 
then be indicated on the d.c. volt meter 8, scale which: corresponds to the scale marking of the 
closed jack 33, 34, or 35; 
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A snap catch is employed on this plug to prevent the separation of the 
adapter from the plug when inserted in a tube:socket. Special pin plug 
clip leads are used for testing screen grid tubes and for testing overhead 
heater filament tubes. 


A pole changer switch must be used in connection with the adapter. 
Grid and plate voltages should be read with the pole changer in its normal 
position and re-read with the pole changér depressed. Unless no reading 
is obtained in either case, the lowest reading obtained should be used as 
the correct reading. The pole changer switch should be depressed when 
the d.c. volt meter backs off scale when attempting to read d.c. filament 
voltages. 


The adapter should be used for placing UX tubes in the load socket 
when analyzing a.c. radios, and when analyzing d.c. radios in which the 
negative filament terminals are adjacent to the plate terminals. Leave the 
pole changer switch in its normal position for reading the filament voltages. 


Voltage Tests, Circuits Unloaded.— No load filament, plate 
and grid voltage tests may be made with all tubes removed 
from the sockets of parallel filament radios where all of the 
voltages are supplied from batteries. No load readings may 
be compared with the load readings for ascertaining the extent 
of battery exhaustion. On all other radios, except those em- 
ploying series filaments, no load filament and plate voltage 
readings should be taken with only one of the tubes out of the 
circuits. 


| 

No load grid readings need not be undertaken except where a C battery 

is used. In battery types of radios where no C voltage is employed, con- 

tinuity of the grid circuit may be determined by changing the position, 

of the pole changer switch so as ta read the filament voltage across the: 

grid circuit with the grzd switch closed. ! 
NOTE .—Continued. 


J. The negative control grid bias should be indicated on the 10 scale of the d.c. volt meter 8, 
when the jack plunger is placed in the control grid jack 32; | 


K. The positive screen grid bias should be indicated on the 100 scale of the d.c. volt meter me | 
when the jack plunger is placed in the screen grid jack 31; 


L. A negative cathode bias applied to a UY radio tube socket under analysis should be indi- 
cated directly on the 100 scale of the d.c. volt meter 8, when the jack plunger is placed in the! 
cathode jack 5. If the d.c. volt meter 8, needle back of scale, depressing the pole changer push | 
button switch 4, affords a direct reading of positive cathode biasing. 
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Fic. 7,403—Supreme analyzing radio tube sockets. PART 2—Triode tubes, UX and UY d.c. filament. 


A. Remove the oscillator coil from the oscillator coil pin jacks 1, and remove all jack plungers and connecting leads from the 
diagnometer; 

B. With the radio to be analyzed turned off, remove a tube from the radio and place the tube in the load socket 19, which will 
accommodate the tube without an adapter; 

C. Throw the U X heater switch 20, to the UX position. Insert the analyzer plug 10, using the adapter 9, if required, into the 
radio tube socket; ; 

D. Insert the jack plunger in the d.c. filament jack 29; 

E. Turn the radioon. If the d.c. volt meter 8, needle backs off scale, depress the pole changer push button switch 4, while adjust- 
ing the radio filament controls, if any, for an indication on the 10 scale of the d.c. volt meter 8, of the rated filament voltage of 
the tube. The platecurrent load of the tube will be indicated on the 125 mil. scale of the d.c. milli-ammeter 6 during the analy- 
sis. If the reading be less than 25 milli-amperes, the press for 25 mil. scale milli-ammeter switch 7, may be depressed for a more 
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All grid and plate no load readings, where these voltages are supplied 
with batteries, should be read with the battery switch open, first with 
the testing set pole changer switch in its normal position, and then read 
with the pole changer switch depressed. The lowest reading of value will 


Fic. 7,403 —Text continued. 


exact reading on the 25 mil. scale of the meter. If the tube be good, a normal reading on the 
d.c. milli-ammeter 6, will generally indicate continuity of all radio circuits terminating at the 
socket being analyzed; 


F. If it be desired to continue the analysis on the same socket, insert the jack plunger in a plate 
jack 33, 34, or 35, the scale marking of which least exceeds the plate voltage specified for 
the radio tube socket. The applied plate voltage should then be indicated on the d.c. volt 
meter 8, scale which corresponds to the scale marking of the closed jack 33, 34, or 35; 


G. Insert the jack plunger in the grid jack 30, for observing the negative grid voltage which will 
be the lower of two separate readings indicated on the 100 scale of the d.c. volt meter 8, the: 
two readings corresponding to the two positions of the pole changer switch 4. _ The reading 
of the lower value will not include the filament voltage. 


NOTE.—Top heater tube socket analysis (fig. 7 ,493) . 


A. Remove the oscillator coil from the oscillator coil pin jacks: 1, and remove all jack plungers 
and connecting leads from the diagnometer; 


B. With the radio to be analyzed turned off remove a ans from the radio and place the tube: 
in the UX load socket 19; 


C. Connect the top heater contacts of the tube with shot clip pin plug leads to the overhead | 
filament pin jacks 16, on the panel; 


D. Throw the U X-heater switch 20, to the heater position; 
E. Insert the analyzer plug 10, without the adapter 9, into the radio tube socket; 


F. Connect the top heater tube filament contacts 12, of the analyzer plug 10, to the trolley: 
filament contacts of the radio tube socket; 


G. Turn the radio on and adjust the volume and tuning controls to whatever positions may be: 
recommended by the radio manufacturer for analyzing. The plate current load of the tube will 
be indicated on the 125 mil. scale of the d.c. milli-ammeter 6, during the analysis. If the reading’ 
be less than 25 milli-amperes, the press for 25 mil. scale milli-ammeter push button switch 7, may: 
be depressed for a more exact reading on the 25 scale of the meter. If the tube be good, a normal. 
reading on the d.c. milli-ammeter 6, generally indicates continuity of all radio circuits terminat-. 
ing at the socket being analyzed; 


H. If it be desired to continue the analysis on the same socket, insert the jack plunger in the 
a.c. filament jack 26, or 28, the scale marking of which least exceeds the filament rating of the 
tube. The filament voltage should then be indicated on the a.c. volt meter 2, scale which cor- 
responds to the closed jack 26, or 28; 


I. Insert the jack plunger in the plate jack 33, 34, or 35, the scale marking of which least 
exceeds the plate voltage specified for the radio tube socket. The applied plate voltage should’ 
then be indicated on the d.c. volt meter 8, scale which corresponds to the scale marking of the 
closed jack 33, 34, or 35; 


J. The negative grid voltage should be indicated on the 100 scale of the d.c. volt meter 8, 
when the jack plunger is placed in the grid jack 30. If the grid of the radio tube socket being. 
analyzed is resistance coupled to the preceding stage,.a more accurate reading of the applied 
grid voltage will be indicated by connecting a test lead between the grid contact of the unoc- 
cupied load socket 19, and the grid return which is usually the grounded chassis of the radio. 
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not include the filament voltage and should be recorded as the correct 
grid or plate voltage respectively. 


Load Tests.—The load test of any device is the most reliable 
test. A comparison of the load test of any electrical device 


with its no load test is a fairly reliable index to the internal 
resistance of the device. 


When a tube is placed in the load socket during analysis with the radio 
in operation, the current drawn by the tube will be shown on the milli- 


ammeter. This reading may be compared with the tables published by 
tube manufacturers. 


If there be a radical departure from the specified current reading it 
indicates a defective tube, or improper relation between the B and C 
voltage of the radio. The latter is not an unusual trouble where socket 
power devices are attached to radios originally designed for battery op- 
eration. Wherever this trouble is encountered, the B voltage should be 
adjusted to the proper value for the C voltage used. Otherwise the tubes 
will be subjected to strenuous usage, and the reproduction will not be 
satisfactory in quality. 


When taking voltage readings, it may be noticed that the milli-ammeter 
may show a slight deflection, indicating the load of the volt meter, which, 
with the 1000 ohm per volt volt meter, will be 1 milli-ampere at full scale 
volt meter deflection. All load readings taken with the testing set will 
be accurate within about 2%, this slight variation being accounted for 
by the losses encountered in the analyzing cord leads. 


Setting up the Analyzer.—The following procedure consti- 
tutes the preliminary procedure for putting the analyzer cir- 
cuits 1n operation: 


1. Remove the oscillator coil from its prescribed operating position. 


2. Open all switches. 
3. Disconnect the a.c. supply cord and clear all jacks from contact with 
any electrical conductor which might be grounded or directly connected 


to the common alternating current supply system, thereby avoiding any 
possibility of electrical harm to the testing set or to the radio. 


4. Open the power supply switch of the radio to be analyzed. 
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Filament Circuit Analysis.— While analyzing, the UX heater : 
switch, located between the testing set tube sockets, is thrown: 
to UX position for analytical tests from radio tube sockets which 
do not utilize tubes with independent cathode emitters. For 
all tubes with independent cathode emitting elements, includ- 
ing top heater tubes, the switch is thrown to the heater position.. 
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Fic. 7,404.—Supreme set analyzer. It makes available a great number of tests and provides 
79 readings. 


A special plug adapter is used for plugging into UY sockets. With the 
plug in the first socket and the tube laid aside, close the proper F1/. switch 
which will measure the filament voltage. 


If testing in a d.c. tube socket, the needle of the d.c. volt meter may 
back off the scale, and the pole changer should be depressed to obtain 
correct readings; this will indicate the direct current voltage available at 
the filament terminals, and if the rheostat be turned on full and the other 
tubes removed, it will also indicate the no load A battery voltage. 
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If testing in an a.c. socket, the reading will indicate the voltage available 
on open circuit. The reading obtained in either case should be recorded. 
With the plug still in the radio socket, place the tube in the load socket 
of the analyzer and again read the filament voltage. It is important that 
this reading be close to that for which the tube is rated; if it is above the 
rated voicage, the life of the tube will be correspondingly short, whereas 
if it 1s-very much below the rated voltage, proper results will not be ob- 


tained. If an adjustment be possible with the radio being analyzed, proper 
adjustment should be made. 


The best results will be obtained with the filament WOMARES: at, or just 
below, their-rated voltage. 


Failure to obtain any filament reading will indicate an open 
or shorted filament circuit, with the following causes: 


A battery exhausted Open primary or low voltage secondary of a.c. 
Open rheostat power transformer 
Blown fuse 


Poor connection 
Defective filament switch Poor socket contacts 


Plate Circuit Analysis.—Plate voltage readings may be taken 
with or without the tube in the load socket. Before taking 
either voltage, open the Fl. switch. 


Close one of the plate switches using the one which will best accommodate 
the voltage to be read and at the same time give a good discernible read- 
ing. The reading obtained with the tube in the load socket will be less 
than the reading obtained without the circuit loaded. This difference is 
occasioned by the internal resistance current drop of the B supply device, 
and it is, to a certain extent, except in detector sockets, an index to the 
condition of the apparatus supplying the plate voltage. If this voltage. 
drop materially exceed 1 volt per milli-ampere drawn by the tube, the B. 


batteries should be replaced, or the rectifying tube in the plate supply 
device should be replaced. 


If means be available for adjusting the voltage in socket power devices, 
the plate voltage should be adjusted to that specified for the particular 


tube and the particular socket which is being tested. The readings ob- 
tained should be recorded. 
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~The plate current under load conditions is a very good index 
to the operating condition of the plate circuit, the current 
being the result of the voltages applied to the grid and plate - 
circuits. 


Decreasing the grid voltages has more effect, other factors being equal, 
on increasing the plate current than may be had by increasing the plate 
voltage. 


Failure to obtain proper readings may be caused by any of : 
the following troubles: 


Weak or exhausted B batteries Shortéd by pass condenser 
Qpen primary winding of transformer Loose connection 
Qpen series plate resistor Loose or broken socket contact 


Defective rectifier tube 


Grid Circuit Analysis.—In radios employing batteries for: 
supplying C bias, practically the same reading should be ob-: 
tained without the tube in the load socket as with the tube’ 
in the load socket. 


This 1s because the grid circuit has practically no current flow. 


In radios employing biasing resistors, the correct voltage 
reading on the bias can be had only when the tube is in the 
load socket and the bias voltage should be read with the grzd 
switch closed for the highest scale of the d.c. volt meter which 
will afford a discernible reading. 


With the plug in the radio socket and the tube in the load socket, closing 
the grid switch will throw the volt meter across the grid and one of the 
filament contacts of the radio tube socket. The pole changer switch 
should be closed for each reading, and the lowest reading should be taken 
as the correct bias reading, as one of the readings may include the voltage : 
of the filament. 
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In d.c. radios, a reversed A battery may be indicated by the 
backing off scale of the d.c. volt meter needle when the grtd 
switch is closed. 


If no reading be obtained when the grid switch is closed after having 
tried the pole changer in both of its positions, the following sources of 
trouble should be investigated, except in radios employing synchrophase 
circuits; a, Open transformer, low voltage secondary; b, Open grid sup- 
pressor; c, Open grid bias resistor; d, Poor grid contact in tube socket. 


When analyzing from the detector socket of a radio, it will 
‘usually be found that a very low voltage reading 1s obtained. 


This 1s due to the fact that a grid leak is usually employed in series with 
the grid for grid leak detection, and 1s of such high resistance that it lowers 
the reading of grid voltage. The grid leak resistance may be temporarily 
shunted if it be desired to get a true grid voltage reading. 


Cathode Circuit Analysis.—A cathode switch is provided for 


| obtaining voltage readings of the cathode bias employed in 


..4 and 5 element tubes. 


Cathode circuits are rarely the source of radio. troubles, but the readings 
obtained should be recorded and compared with the specifications for the 
tube and tube socket analyzed. No reading, where cathode biasing re- 
sistors are known to be employed would indicate an open resistor, and a 
low reading would indicate a partially shorted resistor. If no means be 
available for reading the cathode bias, a defective bias would probably 
be indicated by excessive hum. 


,_ Screen Grid Analysis.—This is accomplished by plugging 
- into the socket to be analyzed, connecting the clip, which or- 
' dinarily connects to the top of the tube, to the large control 
‘ grid lug close to the top of the analyzing plug. 


The screen grid tube is placed in the load socket in the usual manner, 
and one of the clip pin plug leads is used for connecting the control grid 
contact of the tube to a corresponding pin jack on the instrument panel. 
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Overhead Heater Filament Analysis.—The procedure is sim-. 
ilar to that for screen grid analysis, except that the trolley con-:. 
tacts are connected to the frolley contact lugs on the analyzer 
plug, and two clip pin plug leads are used for connecting the. 
filament contacts of the tube to corresponding overhead fila-: 
meni pin jacks on the instrument panel. 


Distortion Tests.—With analyzer plugged into last audio: 
amplifying stage, with all testing set switches open, the action of. 
the milli-ammeter is a fair index to the degree of distortion in: 
the audio circuits. The ideal condition is to have the needle! 
steady regardless of the signal fluctuations. 


If the needle deflect upward with the signal impulses, it is an indication: | 
that the C voltage is too high for the B voltage being used,.or that the B 
voltage is too low for the C voltage being used. 


If the needle deflect downward for each signal impulse, it is an indication: 
that the C voltage is too low for the B voltage being used, or that the B 
voltage is too high for the C voltage being used. This test, of course, 
should only be undertaken when it 1s known that all of the tubes in the 
radio are in normal operating condition. The adjustment, if any is pos- 
sible with the radio being analyzed, will be obvious from the above de- 
scription. The technical analysis of the causes of the distortion involves: 
a study of the graphs plotting the characteristics of tubes, which is a very: 
long drawn out discussion. 


Analysis Charts.—These charts are arranged in duplicating. 
pads and are very useful for recording the readings obtained 
during tube socket analyzing. 

A copy of each chart may be kept for future reference on any radio. 

Radical readings will be indicated by comparison with other charts on: 


the same type of radio. These charts have space provided for the power 
plant tube tests which should precede the analysis of any radio. 


Input Circuit.—After completing the analysis of the tube 
circuits of a radio, the service man should turn his attention: 
to the circuits of the radio system which are not amenable 


Radio Troubles 4,611 


to tests by means of the tube socket analyzing methods just 
described. 


The efficiency of these circuits can best be determined by tuning the 
radio to a modulated radio frequency signal known to exist within pick up 
distance of the radio. 


The modulated radiator of the testing set affords an excellent means for 
setting up the modulated radio frequency signal for these tests. The 
necessary procedure for setting up the modulated radiator was covered 
at the beginning of this chapter. 


The pick up circuit should first be checked as to efficiency. 


This circuit consists of the aerial and the ground or counterpoise sys- 
tem, or of a loop or large pick up coil, or of two or more capacity areas, 
or of a combination of any two of these systems, coupled to the grid cir- 
cuit of the first tube of the radio. The continuity of a loop aerial may be 
determined by socket analysis where the loop circuit 1s directly coupled to 
the first radio tube, but it is sometimes found that loop aerials are capaci- 
tively coupled to the tube circuit,:in which case the continuity of the 
pick up loop cannot be determined by tube socket analysis. 


Where the pick up circuit consists of an aerial and ground or counter- 
poise, no voltage is applied between the two, and even where the antenna 
is connected directly to the grid of the first tube, an open or shorted pick 
up circuit cannot be detected by tube socket analysis. 


The antenna of the radio being tested should conform as 


nearly as practicable to the specifications of the manufacturer 
of the radio. 


A comparative test of the pick up capabilities of the antenna may be 
had by tuning the radio to the modulated radiator, and then disconnecting 
the antenna. The signal strength should fall off when the antenna is dis- 

connected, or a loud clicking sound should ‘be emitted from the loud speaker 
when the aerial is disconnected and tapped on the antenna binding post 
of the radio. The absence of a strong clicking when this is done with the 
volume control of the radio at its normal setting, usually indicates an in- 
efficient aerial circuit. 


The ground circuit should be checked in a similar manner, although 
there should be a very perceptible drop, amounting to about 50%, in 
audibility when the ground is disconnected. If there be but slight change 
in signal strength with the ground lead removed, new grounds should be 
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Fic. 7,405—Supreme continuity tests. Medium and high resistances. 


Medium resistances: 

4. Remove any jumpers or test leads which may have been left connected to the instrument, open all jack switches on the panel, 
and clear the analyzer plug 10, from contact with any electrical conductor which may be grounded or connected to the common 
a.c. supply system; 

B. Insert the polarized series socket adapter 17, with a 100 watt Mazda lamp 18, in the receptacle on the end of the instrument 
tray. If any device other than a 100 watt Mazda lamp 18, should ever be used in the series socket adapter 17, the milli-ammeter 
6, might be harmed or show incorrect readings; 

Cc. Connect the supply plug 21, to a convenient a.c. supply outlet; 

D. Close the a.c. line jack 3, and observe the supply voltage on the 150 scale of the a.c. volt meter 2; 

E. Insert test probes TP1, and TP2, in the two left side B, and P, oscillator coil pin jacks 1; 

F. Place a thermionic rectifier tube, such as the ’81 or ’80 type, in the UX tube testing socket 22; 

G. Close a power plant jack 36, the voltage marking of which corresponds to the filament voltage rating of the tube used; 


H. Closing the circuit with the free ends of the test leads will cause the plate current of the tube to be shown on the milli-ammeter, 
indicating continuity of the testing set plate circuit with the external circuit under test. This test should not be undertaken on 
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tried on the radio. A high resistance ground is a very common cause of 
low audibility. In localities where one side of the a.c. supply system is 
grounded, the ground lead of a radio may be determined by connecting a 
lamp or a.c. volt meter between the ground lead and the ungrounded side 
of the line. This 1s also an excellent means for determining whether or 
not the antenna is shorted to the ground lead. This method also affords 
a very convenient means for differentiation between the antenna and 


ground leads when it is not convenient to differentiate them by visual 
inspection. 





Fic. 7,405.—Text continued. 


a grounded radio or other grounded apparatus. This precaution is necessary for meter pro- 
tection where the protective lamp 18, may be in the grounded side of the a.c. supply system; 


I. This hook up may be used for measuring medium resistances, as outlined on pages 4,615 
and 4,617. 


NOTE .—Continuity tests. High resistances (fig. 7,405). For determining continuity 
through high ohmic resistances in either reactive (inductive and capacitive) or non-reactive cir- 


cuits, and for the testing of condensers, but without the use of any battery, the following pro- 
cedure 1s recommended: . 


A. Remove any jumpers or test leads which may have been left connected to the instrument, 
open all jack switches on the panel, and clear the analyzing plug 10, from contact with any elec- 
trical conductors which may be grounded or connected to the common a.c. suppply system; 


B. Insert the polarized series socket adapter 17, with a 100 watt Mazda lamp 18, in the 
receptacle on the end of the instrument tray. If any device other than a 100 watt Mazda lamp 
18, should be used in the series socket adapter 17, the milli-ammetér 6, might be harmed; 


C. Connect the supply plug 21, to a convenient a.c. supply outlet; 
D. Place an ’80 tube in the U X tube testing socket 22; 


E. Insert the grooved rejuvenator plunger to the half way aging position in the 3». rejuvenator 
jack 15. This wil apply a filament voltage of about 3.3 volts to the ’80 tube; 


F. Insert a jack plunger in the a.c. line jack 3. The supply voltage should then be indicated 
on the a. c. volt meter 2; 


G. Insert a second jack plunger in the control grid bias jack 32; 


H. Connect a jumper between the screen grid 23, pin jack on the panel and one of the 500,000 
ohm pin jacks I, on the back of the instrument tray; 


I. Connect a jumper between the B and P oscillator coil pin jacks 1, on the panel; 


J. Connect a test probe to the unoccupied 500,000 ohm pin jack K, on the back of the instru- 
ment tray; 


K. Connect a test probe to the common a.c. pin jack L, on the back of instrument tray; 


L. While touching the free ends of the test probes together, adjust the 500,000 ohm control 
knob Y, located on the back of the instrument tray, for a full scale needle deflection on the d.c. 
volt meter 8. The variable resistance has the effect of increasing the internal resistance of the 
10 scale of the d.c. volt meter to a value of about 50,000 ohms for accommodating the applied 
rectified effective voltage of about 50 volts; 


M. This test should not be undertaken on a grounded circuit. The common a.c. pin jack L, 
on the back of the instrument tray is connected to one side of the primary winding of the power 
transformer during this test, and grounding the test probe connected to this pin jack would 


probably short circuit the a.c. supply system in localities where one side of the a.c. supply system 
is grounded. 


4.614 Radio Troubles 





Lightning arresters should always be checked for shorted 
electrodes. 


Stapling the antenna and ground leads together on base boards is a 
very common source of trouble with antenna ground shorts. 


Output Circuit.—This consists of the loud speaker, or other 
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Fic. 7,406.—Resistance current curve plotted with the conitnutty tester, set upas outlined on page 
4,615, utilizing an X-80 tube having a plate reading of 100 milli amperes with test probes 
touched together; that is, with full plate currentload. Example! the 100 scale of 1,000 ohms 
per volt d.c. volt meter of the Diagnometer is used with a 45 volt B battery for measuring an 
unknown resistance. The internal resistance of the volt meter with this scale is 100,000 ohms. 
A reading of 30 volts is obtained across the battery, and a reading of 20 volts is obtained with 
the volt meter, battery, and unknown resistance connected in series. 


NOTE.—In fig. 7,406 the formula to be used is: 
Vi 

Rer (—-—l 
V2 ’ 


where R= Unknown resistance r=Internal resistance of volt meter; V1= Unloaded voltage of 
battery or batteries in series, and V2= Reading of volt meter when in series with battery or 
batteries and unknown resistance. 


Substituting: 30 +20=1.5; 1.5—1=0.5; .5 100,000 = 50.000 ohms. 
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device for audible reproduction, and the circuit which couples 
it to the last audio frequency stage of the radio. 


In most of the earlier types of radios the loud speaker is directly coupled 
in series with the plate circuit of the last audio tube, and the continuity 
of the output circuit in such radios may be determined by tube socket 
analysis. 


In most of the more recent models of radios, wherein the last audio 
plate voltage exceeds 135 volts, the loud speaker is usually indirectly 
coupled to the last audio stage, and a test of the output circuit cannot 
be made from a radio tube socket. In either of these types, the efficiency 
of the output circuit can best be determined by tuning in signals on the 
radio. If no other apparent defects exist in the radio system, and the 
loud speaker do not perform satisfactorily, the loud speaker circuits can be 
tested for opens and shorts with the continuity tester. 


Loud speaker windings should not be required to carry a 


current load in excess of that specified by the speaker manu- 
facturer. 


In the absence of specifications to the contrary, the last audio or power 
tube chosen and the grid and plate voltages applied thereto should be 
such that the speaker load should not exceed 10 milli-amperes. If the 
plate current of the last audio-amplifying tube exceed this value, some 
type of filter circuit 1s generally required to protect the loud speaker 
windings from overload currents. A ’71-A tube should not be substituted 
for a ’12-A in an audio stage without changing the grid bias voltage to 
correspond to the tube to be used. This change in grid bias voltage must 
not affect the grid bias voltage of other tubes. 


Some radios were designed for using a ’01-A tube as the first audio am- 
plifier, and a ’12-A as the second audio, using 135 volts plate voltage and 
9 volts grid bias on both tubes. If the ’12-A be replaced with a ’71-A, 
the 9 volts’grid bias would be incorrect for the ’71-A, while a change to 27 
volts grid bias for the ’71-A would place an incorrect bias on the ’01-A 
used as the first audio tube. Where no filter system is used, the polarity 
of the loud speaker should be checked with a d.c. meter, as a reversed 
polarity will eventually weaken the magnetism of the speaker magnets. 


Putting the Continuity Tester in Operation.—The continuity 
tester 1s especially adaptable for testing the input and output 
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Fic. 7,407—Continuity tests. Low resistances. 


A. Remove any jumpers or test leads which may have been left connected to the instrument, cpen all jack switches on the panel, 
and clear the analyzer plug 10, from contact with any electrical conductors which may be grounded or connected to the common 
a.c. supply system; 

B. Insert the polarized series socket adapter 17, with a 100 watt Mazda lamp 18, in the receptacle on the end of the instrument 
tray. If any device other than a 100 watt Mazda lamp 18, should ever be used in the series socket adapter 17, the milli-ammeter 
6, might be harmed; 

C. Connect the supply plug 21, to a convenient a.c. supply outlet; 

D. Connect jumpers J1, J2, J3, and J4, to the pin jacks as indicated; 

FE. Insert the jack plunger in the a.c. line jack 3; 

F. Connect test probes TP1, and TP2, to the pin jacks as indicated; 

G. With test probes touched together, adjust 30-ohm rheostat control knob X, for full scale reading on the d.c. volt meter 8. The 
approximate uncalibrated range of the meter in this resistance test is from 0.1 to 25 ohms, depending on the a.c. supply voltage. 
It is very useful in locating defective soldered joints, shorted variable condenser plates without disconnecting 7.f. coils, and for 
checking the center tap of filament resistors or for indicating other low resistance values. " 


919"b 


Sajqno1y o1pey 


Radio Troubles 4,617 





circuits of a radio when these circuits are not supplied with 
any voltage from the radio power supply system. Care must 
be exercised, however, not to allow one of the test probes of 
the testing set to come in contact with a grounded conductor. 

With the modulated radiator in operation, the following steps 
are required for putting the continuity tester in operation. 


1. Disconnect apparatus to be tested from both the a.c. line and all 
grounded objects. Thisisa very necessary precaution for meter protection. 


2. Remove the oscillator coil from its prescribed pin jack position. 


3. Plug two test cords in the two left side (B and P) oscillator coil pin 
jacks. 


4. Place a thermionic rectifier tube, such as the ’81 or ’80 or other heavy 
- current tube, in one of the tube testing sockets. 


5. Close the power plant jack switch, the voltage marking of which 
corresponds to the filament voltage specified for the tube used. 


6. Closing the circuit with the free ends of the test leads will cause the 
plate current of the tube to be shown on the milli-ammeter, indicating con- 
tinuity of the testing set plate circuit with the external circuit under test. 


Any three or four element tube capable of showing comparatively good 
discernible plate current readings, such as the ’71-A, °12-A, ’26 and ’01-A 
types, may be used with its corresponding power plant switch closed in- 
stead of rectifying tubes for this test, by connecting a jumper between 
the two oscillator coil pin jacks which are not occupied with the test probe 
leads. 


The continuity tester is adaptable for testing the input and output cir- 
cuits of a radio when these circuits are not supplied with any voltage 
from the radio power supply system so that they may be tested with the 
analyzer from tube sockets. It is also useful for testing for loose contacts. 
in circuits. 


Synchronizing Procedure.—Having determined that the 
tubes, tube circuits, and the input and output circuits of a 
radio are in their proper conditions, the next step in servicing 
should be to check the synchronous relation of the tuning con- 
densers. The two methods of obtaining a meter indication 
of resonance are shown in fig. 7,408. 
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Fic. 7,408—Supreme synchronizing without meters. Thermo-couple output meter synchronizing. 
Letters in parentheses refer to fig. 7,397, page 4,588. 


A. Put the modulated oscillator in operation as in fig. 7,398; 
B. Set the 30-ohm rheostat control (X), in its approximate center position; 
C. Connect jumpers (J1), (J2), and (J3), to the pin jacks as indicated; 


D. Connect the synchronizing (plate break) adapter terminals to the P and B, pin jacks, on the back of the instrument tray. 
(When synchronizing radios designed for magnetic speakers, the loud speaker terminals of the radio may be connected to the P 
and B, pin jacks, instead of using the synchronizing (plate break) adapter.) 
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Fic. 7,408.—Text continued. 


E. Remove a tube from the last audio stage of the radio and insert the tube in the adapter. 
Place the adapter in the vacant audio tube socket; 


F. Rotate the tuning knob of the radio while adjusting the 30-ohm rheostat for the desired 
needle deflection which will occur on the d.c. volt meter 8, as each harmonic of the modulated 

* oscillator is ‘uned tn on the radio. A maximum needle deflection indicates resonance of the 
radio with the modulated oscillator. When using the synchronizing (plate break) adapter 
in push pull stages, the needle deflection of the meter may be increased on some radios when 
the push pull socket not occupied by the adapter is left vacant during the synchronizing 
operations; 

G. Adjust the coupling between the diagnometer and the radio for the desired signal strength; 

Hi. Adjust each tuning condenser for a maximum reading on a signal between 1,000 and 1,500 


kilocycles, or between whatever other frequency limits specified by the manufacturer of the 
radio. 


NOTE.— Thermo-couple output meter measurements (fig. 7,408). By omitting sec- 
tions A, F, G, H, in fig. 7,408, this hook up may be used for comparing the gain of any two. 
audio amplifiers in the following manner; 

A. Remove the aerial and ground leads from the radio under test; 


B. Remove the detector tube of the radio; 
C. With suitable test leads, apply an audio frequency signal to the plate and cathode contacts 


of the vacant detector socket. For these comparisons, the ordinary 110 volt 60 cycle power 
supply may be used for supplying the audio signal voltage; 


_ D. The same tests may be accomplished with the a.c. volt meter by similar modifications of 
the following procedures. 


. 


NOTE.—Low impedance output a.c. volt meter synchronizing (fig. 7,408). 
A. Put the modulated oscillator in operation in the manner outlined in fig. 7,398; 


B. Connect the plus or minus a.c. L, and the 1 mfd. U, external pin jacks of the diagnometer 
to the voice coil terminals of the radio; 


C. Close the 4 volt a.c. filament jack 28; 
D. Throw the U X-heater toggle switch 20, to the heater position; 


E. Rotate the tuning control of the radio. A decided a.c. volt meter 2, deflection will occur 
as each harmonic of the modulated oscillator is tuned in on the radio. A maximum needle 
deflection indicates resonance of the radio with the modulated oscillator; 

F. Adjust the coupling between the diagnometer and the radio for the desired signal strength; 


G. Adjust each tuning condenser for a maximum reading on a signal between 1,000 and 1,500: 


kilocycles, or between whatever other frequency limits specified by the manufacturer of the 
radio. 


NOTE.—High impedance output a.c. volt meter synchronizing (fig. 7,408). 
A. Put the modulated oscillator in operation in the manner outlined in fig. 7,398; 
B. Connect a jumper between the third winding H, and plus or minus a.c. L, external pin. 
_ | jacks; 
_ C. Connect a jumper between the 30 ohm E, and 1 mfd. U, external pin jacks; 

D. Throw the U X-heater toggle switch 20, to the heater position; 

E. Close the 4 volt a.c. filament jack 28; 

F. Connect the synchronizing (plate break) adapter*terminals to the P, and B, pin jacks on. 
the back side of the instrument tray. When synchronizing radios designed for magnetic speak- 


ers, the loud speaker terminals of the radio may be connected to the P, and B, external pin 
jacks, instead of using the synchronizing adapter. 
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Volt Meter, A.C. Low Scales.—The pin jack connections of 
the testing set afford external access to a low scale of the a.c. 
volt meter, the scale range being determined by the closed a.c. 
filament jack. The current required for full scale deflection 
on each of the low ranges is approximately 100 milli-amperes. 


Neutralizing Procedure.—The neutralization of tuned radio 
frequency radios provided with adjustable neutrodon con- 
densers may be accomplished as follows: 


1. Place the modulated radiator in operation in the manner previously 
described. 


2. Connect antenna and ground to radio to be neutralized. 
3. Put radio in operation at its maximum volume. 


4. Tune the radio to a strong modulated harmonic at a frequency be- 
tween 1,350 and 1,500 kilocycles, or between whatever other frequency 
limits prescribed by the manufacturer of the radio to be neutralized. 


5. Move testing set far enough away from the radio so that inductive 
reactions will not occur between the radio and the testing set; but if the 
signals cannot be picked up, move the instrument closer to the radio, use 
a better oscillating tube, or use an insulated coupling lead brought in 
close proximity to the oscillator coil and the antenna lead in of the radio. 


6. Adjust each neutrodon for maximum signal strength so as to increase 
pick up. 


NOTE.—Fic. 7,408.—Continued. 


G. Remove a tube from the last audio stage of the radio and insert the tube in the adapter. 
Place the adapter in the vacant audio tube socket; 


H. Rotate the tuning knob of the radio. A decided a.c. volt meter 2, deflection will occur 
as each harmonic of the modulated oscillator is tuned in on the radio. A maximum needle 
deflection indicates resonance of the radio with the modulated oscillator. When using the 
synchronizing adapter in push pull stages, the needle deflection of the meter may be increased 
on some radios when the push pull socket not occupied by the adapter is left vacant during 
the synchronizing operations; 


I. Adjust the coupling between the diagnometer and the radio for the desired signal strength; 
J. Adjust each tuning condenser for a maximum reading on a signal between 1,000 and ] ,500 


kilocycles, or between whatever other frequency limits specified by the manufacturer of the 
radio. 
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7. Remove the tube of the radio frequency stage nearest the detector. 


8. If the radio be wired with its tube socket filament connections in 
parallel, place the tube in the neutralizing adapter and replace in the radio 
socket; or substitute a dummy tube (t.e., a good tube with one of the 
filament prongs cut off) of the same type in the socket. 


9. If the radio be wired with its tube socket filament connections in 
series, temporarily strap the filament prongs of the tube together and re- 
place it 1n its socket. 


10. If the signal remain audible, the internal capacity of the cold tube 
is probably by-passing the signals which should be tuned to maximum 
strength. ? 


11. Slowly adjust the neutrodon which corresponds to the cold tube 
stage, using a fibre wrench or fibre screw driver to minimize body capacity 
effects, until the signal disappears entirely or is reduced to minimum 
audibility. 


12. The stage in which the cold tube is located will then be neutralized, 
and the cold tube should be removed and replaced by the original tube. 


13. Proceed in a similar manner with each of the stages in order until all 
of the radio frequency stages are neutralized. 


The degree of accuracy attained when using a dummy tube 
for neutralizing parallel filament radios is determined by the 
degree of uniformity of the internal capacities of tubes. 


It cannot be expected that all tubes, even of the same type, will have 
the same internal capacity as the dummy tube chosen for neutralizing 
purposes. It is frequently found that an adjustment for neutralizing one 
tube is an improper adjustment for another tube. 


Calibrating.—Every broadcasting station operates upon a 
particular frequency, assigned to it by the Federal Radio 
Commission. Each channel is designated by the middle fre- 
quency. 


With the aid of a graph, plotted to a few representative dial settings 
corresponding to known frequencies, it is possible to tune to any desired 
broadcasting station within the pick up distance of the radio, when the 
frequency at which that station broadcasts is known. 
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To make a dial calibration graph, tune to at least five or six 
stations at settings throughout the complete range of the tun- 
ing dial. 

While receiving each station, listen for the announcer’s statement of 
the frequency that his station is using. Then record this frequency and 


the corresponding dial setting. With this data plot a curve and from the 
curve the dial settings for a desired station may be obtained. 


Having a particular radio calibrated in the manner described above, it 
is a simple matter to chart the harmonics of the testing set. 


Once the frequencies of the modulated radiator harmonics are known, 
the testing set may be used instead of broadcasting stations for plotting 
other dial calibration graphs for other radios, or for checking the accuracy 
of the calibration of radios the dials of which are already calibrated in 
kilocycles, wave-lengths, or both. 


Final Check Up.—As a final check up on each completed 
service job, 1t is recommended that the modulated radiator be 
set up and each of its harmonics tuned in. 

The radio man should soon acquaint himself with the relative strength 
of these signals, and the audible pick up response of the average radio to 


these signals. Dial calibration, as described above, affords an excellent 
final check up on the operating characteristics of a radio. 


Sources of Radio Trouble.—The following trouble list will 
afford a quick reference guide for the service man during the 
process of servicing. The source of the trouble may frequently 
be found by reference to the list. 


When 


All tubes fail to light 


A battery discharged; 

Open rheostat; 

Poor battery connection; 
Broken lead in battery cable; 





Radio-Troubles 4623 


Poor switch; 

Burned out tubes; 

Open primary of power transformer (a.c. set); 
Open in a.c. lead cord; 

Fuse blown. 


Part of tubes fail to light 


Open rheostat; 

Dead tube; 

Open in power secondary; 
Poor socket contact. 


No reception (set dead) 
B supply dead or defective; 


May be B batteries down, open in power secondary, defective rectifier 
tube, shorted power supply condenser, open choke in power unit, defective 
resistor in power unit, open in plate cable lead; 


A battery connections reversed; 

Open primary of radio frequency transformer; 
Open primary of audio frequency transformer; 
Shorted grid condenser; 

Open or shorted speaker cord; 

Shorted by pass condenser; 

Defective tube; 

Open or shorted speaker choke; 

Open circuit in wiring: 

Short circuit in wiring; 

Tube prongs not making contact in socket; 
Grid resistors open; 

Short between: aerial and ground. leads; 
Shorted lightning arrester. 
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Weak reception 
| 


Defective tube Partially shorted power transformer 
A or B voltages low pecOnnary 

Corroded battery connections Poor rectifier 

Partially shorted audio trans- Poor lightning arrester 


Incorrect eliminator resistor values 
Partially shorted radio frequency a 
transformer Poor aerial insulation 


Open radio frequency transformer Poor ground 


secondary ~ Poor socket contacts 


former 
| 
Leaky audio transformer Defective grid condenser | 
Set out of synchronization _ a 
. . High resistance wiring connection 

Poor grid resistors a 


, Speak k | 
Partially shorted power trans- fear eae 


former primary Speaker out of adjustment 
Noisy | : 
’ : | 
A.c. plug loose Loose contacts in socket 
Swinging antenna, grounding Defective filter condensers, punctured 
Poor lightning arrester Defective audio transformer, grounded © 


Defective eliminator resistors 
Defective ground connection : 


Grid resistor open 
Defective by pass condenser 
Poor battery connections 
Defective tube ; 
Defective B batteries 


Variable condenser shorted Speaker cord shorted, partially 


Variable condenser dirty Speaker cord tips loose 


Defective grid leak Speaker unit defective 
Defective resistors Dirty switch contacts 


Loose connection in wiring Volume control worn 
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Distortion 
Defective A or B power supply or 
overloaded 


Speaker out of adjustment 
Poor tube 

Incorrect type of tubes 
Incorrect battery voltages 
C battery disconnected 
Incorrect C voltage 

Set out of synchronization 
Open biasing resistor 


Hums or continuous whistle 


Defective tube 

Speaker too close to set 
Defective power supply 
Open grid circuit 

Low detector voltage 
Grounded audio transformer 
Open antenna choke 


Partially open power transformer 
secondary 


Open filament balancing resistances 
Shorted filter choke 
Open primary circuit 


A.c. plug in wrong position 


Intermittent reception 
Poor tube 


Loose connections 


Poor lightning arrester 


Shorted biasing resistor 
Poor rectifier tube or elements 
High regeneration 


Reaction between radio and audio 
frequency elements 


Inter-action between transformers 


Acoustic coupling between speaker and 
set 


Poor by pass condensers 


Reactive coupling in power leads 


Cooked winding of power transformer 


Ground binding posts not making good 
ground contact 


Grounded choke 
Grounded speaker jack 
Grounded resistors 
Open grid circuits 


Open or shorted or. grounded by pass 
condensers 


Open resistor 
Open leads in cable 
Shorts in wiring 


Reaction between wiring 


Defective grid leak 
Open in grid circuit resistors 


Corroded connections 
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Poor aerial insulation Weak A battery 
Poor grounds Defective rectifier tube or elements 
Swinging ground or aerial Open biasing resistor 

. Overheating 


Shorted power transformer primary Shorted power secondary circuit 


Continued oscillation 


Defective tube Open grid circuit 

Poor ground connection ‘Antenna lead too close to set - 

Grid resistor shorted Reaction or poor shielding 

Excess radio frequency plate Poor radio frequency by pass con- 
voltage densers - 


Power Pack Tests—Type Variations.—In making tests on 
' power packs, it should. be remembered that there are slight 
variations in circuital arrangements of power packs, and that the 


manufacturer’s diagrams, if avaliable, should be studied for ~ 


any device under test.’ 


Most power packs employ tapped voltage divider resistances which carry 
waste or “‘bleeder’’ current for improved voltage regulation, while with 


some there is no continuity from the positive to the negative side of the : 


filter through the divider network. 


In the latter types, the whole output of the filter system generally passes 
through a series of plate circuit resistances, and through the tubes and 
biasing resistors employed in the radio, detector, and audio systems. 


Power Pack Troubles.—Any defect in a power pack will 
generally be reflected in the plate voltage and current readings 
obtained by analysis of the tube sockets of the radio supplied 
by the power pack, and such an analysis should precede any 
power plant tests. 


a 


aan on. 
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It follows that normal load voltages applied to the various tube sockets 
of the radio should generally indicate normal power pack conditions. 
There are possible exceptions, however, as in the case where a few shorted 
windings in the power transformer may cause excessive heating of the 
transformer without negligible variations in the output voltages of well 
regulated power packs. 


Transformer Defects.—The operation of the modern type 
of radio is usually controlled by an on off switch which opens 
or closes the power transformer primary. Obviously, an open 
primary circuit of a power transformer would result in no 
voltages in the secondary circuits of the power transformer. 


Shorted turns in any of the transformer windings would cause excessive 
heating of the transformer, with lowered voltages across the secondary 
circuit in which windings are shorted. In the case of the center tapped 
full wave rectifier plate secondary, shorted windings on either side of the 
center tap will result in an unbalanced condition, the voltage applied to 
one plate being lower than that applied to the other plate. An open in 
the center tap lead would result in no voltages applied to the filter system. 


Filter Defects.—Some radios employing dynamic speakers 
utilize the field windings of the speaker as a part or all of the 
choke in the filter circuits of the power pack. An open choke 
will result in no output voltages. 


A similar result will be obtained when the other side of the filter is open. 
Shorted windings within the choke may cause excessive output voltages 
with hum. Filter condenser leakages reduce the output voltages, a shorted 
condenser across the filter system resulting in no output voltages, and an 
analysis from the rectifier tube socket would reveal excessive rectifier 
plate current. 


An open filter condenser would probably introduce hum in 
the loud speaker output. 


Some power packs include by pass condensers between the grounded 
or negative side of the filter and each plate voltage tap. A leaky or shorted 
by pass condenser would reduce the voltage available between the corre- 
sponding tap and the common negative side of the filter and voltage di- 
vider system. 
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Voltage Divider Defects.—Some power packs are designed 
so that the bleeder or waste current through the voltage divider 
exceeds the load current of the radio to be supplied with the 
power pack. The most common voltage divider defects are 
open circuits. 


An open divider results in no plate voltages on tubes supplied with a 
lower or intermediate plate voltage, with excessive plate voltage on the 
power or other tubes supplied with the higher plate voltages. A shorted 
plate circuit by pass condenser would result in a shorted section of the 
voltage divider system. 


Grid Biases.—In some radios, the grid biasing resistors are : 
included in the power pack. An open grid bias resistor has the : 
effect of opening the plate circuit of the tubes biased with the. 
resistor. A short circuited or leaking by pass condenser loses : 
its by passing qualities, and if connected across a biasing re-- 
sistor, the effective resistance of the bias is lowered, resulting ; 
in excessive plate current in the tubes depending on the re-- 
sistor for grid bias. 


Diagnometer Tests.—The plate current of rectifier tubes: 
may be measured in the same manner as employed for other 
tubes. However, when analyzing from thermionic full wave: 
rectifier tube sockets, the current of only one plate can be: 
determined. 


With a normal tube and properly functioning power pack, the total 
rectifier plate current would be double the value obtained. The 750 volt. 
scale of the a.c. volt meter is helpful in making tests of the @.c. voltages: 
applied to rectifier plates, and for determining unbalanced plate secondaries. | 
Such tests should be made from ’plate to plate in full wave rectifier sockets, : 
and from each plate to the rectifier filament, the chassis, or radio cathode | 
circuits. The a.c. plate voltages should be the same for each plate of full 
wave rectifier tube sockets, and each voltage should be about half that: 
indicated from plate to plate. 


Radio Troubles 4,629 


The high voltages encountered in power packs necessitates caution in 


such tests so as to prevent bodily harm. In any test the isolation of 
defects is facilitated if the manufacturer’s service data be available. 


TEST QUESTIONS 


. What kind of an outfit should a service man be pro- 


vided with to properly test radio sets? 
What is the first step in servicing? 


. What equipment is used with testing sets? 
. Describe the method of putting the testing set with its 


various attachments into operation. 


. Describe methods used in testing tubes. 
. How are tube socket circuits tested? 


. Explain the method of screen grid tube socket an- 


alysis. 


. What is the object of making no load and load voltage 


tests? 


. Describe filament circuit analysis. 
. What does failure to obtain any filament reading 


indicate? 


' How are plate voltage readings taken? 
. Explain fully the method of plate circuit analysis. 
. Explain grid circuit analysis. 


. How is the correct voltage reading on the bias ob- 


tained in radios employing biasing resistors? 


. What kind of voltage reading is obtained when ana- 


lyzing from the detector socket and why? 
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10. 
17. 
18. 
19. 
20. 
ZA, 
Dee 
23. 
2A. 
20: 
26. 


Describe the cathode circuit analysis. 

How is a defective cathode bias indicated? 
Explain the method of screen grid analysis. 
How is overhead heater filament analysis made? 
Describe distortion test. | 

How should lightning arresters be checked? 

How should the output circuit be tested? 
Describe synchronizing procedure. | 

Describe neutralizing procedure. 

How is a dial calibration chart made? 

Name the multiplicity of sources of radio trouble. 
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CHAPTER 184 


Radio Compass 





The radio compass, invented by F. S. Kolster, is a device 
with which bearings can be taken in dense fog, snow storms 
and over distances greatly beyond the horizon with an accu- 
‘racy equal to that obtained with visible sights, thus eliminating 
one of the greatest hazards to navigation. 

Although light vessels and light houses are maintained along 

the coast and harbor entrances the world over, they fail to 
serve their purpose adequately during fog or thick weather. 


Light waves do not penetrate fog to any practical distance and sound 
waves, due to echo effects, are unreliable and cannot be depended upon to 
indicate either direction or distance. On the other hand electro-magnetic 
or so-called radio waves, do penetrate fog and can be used through the 
medium of the radio compass to indicate both direction and distance. 


The modern method of obtaining radio compass bearings on 
: Shipboard requires the installation of radio beacons on light 
. vessels and light houses in the vicinity of harbor entrances and 
- other places dangerous to navigation, the exact locations of 
. which are clearly shown on all sailing charts. 


The radio beacon sends out characteristic radio signals by which the 
operator of the radio compass may take bearings. Such beacons are under 
the supervision of the U. S. Bureau of Lighthouses, the sole purpose of 
which is to maintain aids to navigation. 


The navigator of a vessel equipped with a radio compass can take bear-. 
ings as often as is desired without requesting the cooperation of anyone and 
without the knowledge of any second party either on board ship or on shore.. 
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Fic. 7,409 and 7,410.—Kolster radio compass installation. 
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‘ Since each vessel is equipped with its own radio compass any number of 
vessels can take simultaneous bearings. 


The compass is direct reading thus eliminating the possibility 
‘of error in applying correction. 


It is possible for vessels equipped with radio compasses and radio trans- 
mitters to safely pass in fog by taking bearings on each other. 


A vessel equipped with a radio compass may obtain a leading bearing to 
another vessel calling for assistance and thereby proceed immediately and 
directly to the scene of the disaster in either fog or clear weather. 


‘A typical radio compass installation is shown in figs. 7,409 
-and 7,410. 


Radio Compass Construction.—A suitable loop frame is 

’ wound with several turns of special radio frequency cable to 

form a coil. The frame is mounted edgewise upon a vertical 

hollow shaft which is in turn supported by a ball thrust bearing 
for ease in turning. 


The coil is enclosed within a circular housing in a manner such that it is 
free to rotate even under the most severe conditions of the wind and sea. 
This is of value in northern latitudes, where, during the winter months, the 
ship’s superstructure is generally covered with ice. The housing also pro- 
tects the coil from mechanical damage. 


The coil and housing with its stem are mounted on the upper deck, the 
base of the loop housing projecting approximately six inches above the sur- 
rounding hand rail. The assembly is ngidly supported by four braces 
which may be supplied in various lengths to suit the installation. 


The shaft on which the coil is supported extends through a suitable hous- 

ing to the room in which the compass is located. The leads from the coil 

, pass through the tubular shaft to a set of collector rings. From the col- 

lector rings the leads pass through a conduit to the compass receiver which 
is located in the upper part of the compass binnacle. 


At the lower end of the shaft-there is attachéd a pair of sight wires which 
travel over a compass card or azimuth circle by means of which the angle 
between the station upon which the bearing is taken and magnetic North, 


true North, or the ship’s direction (depending on the type of installation) 
can be read directly. 
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The sight wires are not rigidly fastened to the shaft but are connected! 
thereto through a simple mechanical device which automatically corrects 
for variations in the direction of the incoming radio waves caused by the 
influence of the ship’s hull and rigging. This device is called the Automatic 
Compensator. | 


| 

Operation.— When the coil is rotated by means of a hand 
wheel, the characteristic signal from the beacon station will be. 
heard in the telephones with a gradual varying degree of loud-: 
ness until the plane of the coil is at right angles to the direc- 
tion of the incoming waves, at which point the signal fades out 
entirely. 

This position of silence is very critical and sharp and there- 
fore indicates with great accuracy the line of direction of the. 
waves. By means of cross bearings on two or more stations: 
or by several bearings on a single station with the distances: 
logged between bearings, the position of the ship can be deter- 
mined by simple triangulation with an accuracy equal to sight! 
bearings on visible fixed objects. 

In obtaining a compass bearing it is essential to eliminate: 
the so called antenna effect of the compass coil. This 1s accom-: 
plished by a simple adjustment on the receiver panel. 


Although two bearings 180 degrees apart can be obtained, they do not: 
indicate more than the waves’ line of travel and before accurate bearings: 
may be taken it will be required to know the true direction from which the: 
waves are approaching. 


To obtain the true direction it is necessary to unbalance the: 
compass coil by exaggerating the antenna effect. 


This is done by connecting a small antenna, usually not greater than: 
twenty-five feet long, to the receiver through a suitable spring switch, also: 
located on the receiver panel. Normally this uni-directional switch remains 
open when taking a bearing but when the true direction is desired the oper- 
ator closes the switch by a slight pressure of the finger and turns the com-: 
pass coil to the position of maximum signal strength, at which point the 
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plane of the loop lies in the direction of the signaling station and points 
toward it.as indicated by an index pointer provided for the purpose. 


In the construction of the compass one end of the sight wire frame is 
painted white, further identified by a recessed star, painted grey and 
referred to as the star end. This end should always be turned toward the 
beacon on which bearings are to be taken. 


Visual Indicator.—The method of obtaining a bearing by 
:means of visual indicator consists 1n observing the change in bril- 
\liancy in the glow of a gaseous conductor lamp. 






HAND 
WHEEL 


AUTOMATIC 
COMPENSATOR 


RADIO 


Fic. 7,411.—Kolster dumb compass and compensator. 


It will be found that the lamp will cease to glow between two readings of 
the sight wires, the mean of which will be the true bearing. The width of 
the compass sector over which the sector is dark will depend on the strength 
of the transmitting station and the distance from the station to the ship 
taking the bearing. A reading accurate to within two degrees can usually 
be obtained over a distance of 25 miles. 
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Fic. 7,412.—Kolster radio com pass" é r construction a suitable coil is 
formed by winding sevéral “tur is rot a a's 1 piece of specialyhigh frequency cable in grooves. 
on the periphery ofa cylind: i¢al shaped bakelite frame, the end: terminating at a receiver, by 
means of suitable collector rings, located directly under the coil pedestal. The shaft on which 
the coil is mounted, 1s connected to a hand wheel for rotating the compass coil while taking 
bearings. Directly under the hand wheel is a short pedestal to which a flat circular 360° 
scale is secured. This scale rotates with the compass coil under a fixed pointer in the form 
of a glass window with an engraved sight line. The glass window is provided with a low can- 
dle power lamp for illuminating the scale under the sight line for use at night. Bearings are 
read directly from this scale. The zero degree mark must be kept turned toward the beacon 
on which bearings are taken. For convenience, so as to facilitate locating its position without 
réfetence to the engraved figures on the scale, the zero side of the coil is identified by a large 
white arrow painted on the upper casting of the coil support. Jn operation, as the coil is 
rotated, the characteristic signal from the beacon station will be heard in the telephones with 
a gradual varying degree of loudness, until the plane of the coil is at right angles to the direc- 
tion of the incoming wave, at which point the signal fades out entirely. This position of 
silence is very critical and sharp and, therefore, indicates with great accuracy the line of direc- 
tion of the wireless waves. The bearing is then read directly from the calibrated scale on the 
degree mark which registers with the sight line engraved on the glass window. The manner of 
taking bearings with this type of radio compass is precisely the same as obtaining sights with 
the pelorus on visible fixed objects. In both cases the bearings obtained are with respect to 
the ship’s head. By reference to the vessel’s magnetic or gyro-compass, as the case may be, 
the position may be plotted by simple triangulation. 
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_ The visual indicator possesses several advantages not possible 
with the audible system of taking bearings. 


As an example; it is possible to orientate the radio compass coil such that 
a signal transmitted from either a land beacon or a mobile radio beacon 
installed on another ship will cause the lamp to light up as soon as the vessel 
comes into a dangerous position. By this means the navigator on the bridge 
does not have to keep continuous watch on the radio compass but may walk 
around the bridge, occasionally glancing at the lamp which is always visible 
when glowing. As soon as the navigator is aware of approaching danger, 
he can then take a compass bearing, determine the exact position of his ship 
and act accordingly. 


Receiver.—The radio compass receiver is located directly 
beneath the compass as shown in fig. 7,412 and utilizes @ circuit 
specially designed to give maximum sensitivity and selectivity. 


The receiver contains seven tubes, large type, so operated that they are 
equivalent to four stages of radio frequency amplification, a detector and 
two stages of special design audio frequency amplification. The receiver is 


designed to operate over a wave length range of from approximately 550 
. to 1,050 meters. 


Tuning is accomplished by a one dial wave selector. The 
dial having an engraved scale in degrees and lettered to desig- 
nate the position of three major wave length zones, namely, 
Radio Beacon (1,000 meters), Navy Compass Stations (800 
meters) and Ship Stations (600 meters). 


A low candle power lamp is located in the receiver cabinet directly behind 
the above scale which serves the purpose of indirect lighting, giving a sub- 
dued illumination of the dial for night use. The azimuth circle and dumb 
compass, when supplied is similarly illuminated. The Kolster radio com- 
pass can be operated as satisfactorily in a darkened chart or wheel house as 
during the day. 


Should the receiver in the radio room become irreparably 
damaged, communication could be carried on by using the 
compass receiver. Its normal receiving range is 250 miles for 
day and 1,500 miles at night. 
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The A and B batteries for the tube filaments and plates respectively are 
located beneath the receiver at the bottom of the binnacle. The A battery 
consists of an Edison storage battery which is designed for reliability and 
Jong service. A double pole double throw snap switch 1s located within the 
telephone compartment directly beneath the receiver by means of which the 
battery may be connected either to the receiver or to the ship’s mains for 
charging. A charging resistor to limit the amount of current is mounted in 
some suitable location in series with the ship’s supply. 


The battery when kept fully charged, has a useful life of approximately 
eighteen hours continuous service. This reserve is valuable in case the ves- 
sel become totally disabled, as the compass could still be operated for a 
period governed only by the condition of its battery. 


The antenna switch and signal light shown in fig. 7,409 are 
for the purpose of assuring that the ship’s main antenna switch 
is open when bearings are taken. | 


This antenna switch is normally located in the ship’s radio room under 
control of the radio operator. Red lights on the base of the switch and on 
the radio compass binnacle indicate that the antenna switch is open. If 
the light on the binnacle is not lit when it is desired to operate the compass, 
the navigator communicates with the radio personnel and requests that the 
antenna switch be opened before taking bearings. 


TEST QUESTIONS 





1. Who invented the radio compass? 

2. How does a radio compass work? 

3. Is a radio compass direct reading? 

4. Describe the construction of a radio compass. 

5, Explain in full detail the operation of a radio compass. 
6. What is the visual indicator? 


7. Explain the method of obtaining a bearing by means 
of the visual indicator. 


8. Describe the construction of the radio compass re- 
ceiver. 


9. How is tuning accomplished? 
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CHAPTER 185 


The Telephone 


By definition the telephone is an instrument for the transmts- 
sion of articulate speech by electric current. 


Principle of the Telephone.—The operation of the telephone 
is based upon a simple principle, namely, using a continuous 
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Fic. 7,413.—Diagram of simple toy telephone, consisting of two combined transmitters and 
receivers A and B, made of metal or wood cylinders, one end of each being covered by a 
membrane C and D, and the centers of which are connected by string E. 


current of electricity and varying its strength exactly as the air 
varies in density during the production of sound. ‘This 1s illus- 
trated by the simple toy telephone shown 1n fig. 7,413. 


In operation, when the open end of the tube A, is placed before the mouth, 
the vibrations of the membrane C, caused by the varying sound waves repre- 
senting the human speech, are transmitted with mechanical action by the 


NOTE.—The principle of the telephone was discovered by Alexander Graham Bell in 
Boston, Mass., on June 2nd, 1875. The first telephone was actually operated on March 10, 
1876; 1t was then a crude instrument and not very sensitive. Since that date however many 
improvements have been made in this agency of communication that has made America a 
neighborhood. 
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string E, to the membrane D, and set up in the latter vibrations correspond- 
ing to those of C. The vibrations of D, cause sound waves in the air which 
are transmitted to the ear placed at the open end of the cylinder B. 


The Transmitter.—In the electric telephone, the string is re- 
* placed by a wire having at one end a small unit consisting of 
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BATTERY 

Fic. 7, 478.—Electric telephone. The parts are: 1, air vibrations caused by voice; 2, dia- 

phragm; 3, carbon buttons; 4, line wires; 5, electro-magnet; 6, diaphragm; 7, reproduced 
air vibrations representing speech. 
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Fic. 7,479.—Simple electric telephone transmitter. 


two carbon discs separated by about % of an inch and the 
space between filled with sharp carbon particles called granules. 
as shown in fig. 7,479. This unit is connected to a steady source 
of electricity so that the current must flow from one carbon disc 


through the carbon granules and out through the second carbon 
disc. 
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The arrangement normally offers a certain amount of resistance to the 
passage of the electric current. However, if the space between the carbon 
discs be decreased the carbon granules become packed closer together, 
lessening the resistance and allowing a greater amount of electricity to flow 
through. Vice versa, if the space between the granules be increased, the 
result will be an increase in resistance and a decrease in the electric current. 





fic. 7,480.—Miicroscopic view showing molecules of air at 1, in fig. 7,478. In a spoken word, 
or in any musical sound, the molecules dance back and forth as in fig. 7,481. 
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Fic. 7,481.—Enlargement of section C of fig. 7,480 with molecules represented as tiny beings 
rushing from A to B (fig. 7,480). First they advance, pushing against the ear drum, and 
then they retire and the membrane of the ear flies back. Over and over again this hap- 
pens, hundreds and even thousands of times a second. The higher pitched the voice of 
the speaker, the more rapid is the dance, yet it is a dainty dance, for the weight of a snip 
of human hair only about one-thousandth of an inch in length would press as heavily upon 
the sensitive ear drum. 





One of the carbon discs A, is held in a fixed position and the other B, is 
attached to the center of an aluminum disc called a diaphragm. The entire 
arrangement is called a transmitter. In operation the voice sets the air into 
vibrations which beat upon the transmitter diaphragm and set it into rapid 
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back and forth movements, causing changes in the resistance of the carbon 
unit and resulting in the rapid variations of electric current which flows to 


the distant end where there is a receiver, as shown in fig. 7,478. 
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Fic. 7,482.—Effect on diaphragm caused by molecules of air which are set in motion by the 
voice of the speaker—they rush against the diaphragm of the transmitter and bend it in. 


Fic. 7,483.—Effect on diaphragm when the molecules rush away—it springs back out of its 
bent position. 





eT Ebel 


“e's age see 










cy 
Rion “4 
see x) e YY ae 






a 
®, 
ee Qer® 
a nse yy . 
oes. 
CY TE beet e DT te 
weds aaee ate 











- 
Aye 03 
~’: vositoes wetQruet 
PETIA Pere Ra! i. 
eee tae. CYA ee 
bY RYE Lae ia ef 
Snadare y'& 
A) 


oe 
ee 


é 
wey a 
vet WS 0UF Fades ROG R CoN Ce 





Van; 
es Ly) 
IWXA SST ARDY 


tg 

A ty 
* 

RS 





Fics. 7,484 and 7,485.—Action of diaphragm on carbon grains. Fig. 7,484 shows carborr 
grains in a transmitter magnified about fifty times each way. When the diaphragm is 
bent in, the grains are closely packed together and many electrons can pass through, but 
when the diaphragm springs back, as in fig. 7,485, the grains are loosely packed and fewer 
electrons can pass from grain to grain through the chamber containing the carbon grains. 
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The Receiver.—This consists of an electro-magnet with an 
iron disc or diaphragm, very near its poles. The varying 
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Fics. 7,486 and 7,487.—Standard bi-polar hand receiver. The winding of the coils is done with 
silk covered copper magnet wire. The outside terminals are soldered to metal strips which are 
insulated and extend to the cord terminals within the she. The magnet is a single piece, 
being formed from a bar of magnet steel. It slips into the casing which forms a support 
for all the parts and is held by a screw cap. All parts are thus firmly clamped together, 
but the screw cap plays no part in the adjustment. The metal strips terminate in a brass 
support to which are fastened the receiver cord terminals. 
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Fics.7,488 and 
7,489.—K ellogg 
subscriber’s receiv- 
er, disassembled 
showing construc- 
tion. 








Fic. 7,490.—Kellogg oper- 
ator’s receiver, disassem- 
bled showing diaphragm 
and magnet. 


Fics. 7,491 to 7,509.—Parts of Kellogg shell receiver. 
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amounts of electricity in passing through the receiver magnet 
change the strength of the magnet and as a result the diaphragm . 
is pulled and released partly or totally at a very rapid rate, pre- 
cisely the rate at which the transmitter vibrates. 


\. 
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Fics. 7,510 to 7,512.—Types of station apparatus. Fig. 7,510, wall set; fig. 7,511, wall set 
with writing shelf; fig. 7,512, desk stand or hand set with a separate bell box. The wall 
set is the smallest and lightest of these three types of instrument and is generally used where 
mountings on plaster walls are required. Where a writing shelf is desired the wall set is 
mounted on a back board equipped witha shelf. It is fastened to the wall with anchor bolts. 
Where a table or desk is used by the subscriber, a desk stand or hand set is installed, the bell 
box being mounted under the table and connected to the desk stand by a’flexible wire cord. 


The vibrations of the receiver diaphragm in turn cause the air to vibrate 
and subsequently the human ear drum to vibrate when the latter is placed 
close to the receiver. The result of course is the reproduction of speech. 
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. Ques. Of what does a telephone station consist? 


Ans. It consists of a transmitter and a receiver usually on a 
desk stand with a hook to hold the receiver, and also to serve 
as an automatic switch when the receiver is removed from the 
hook, as in fig. 7,523, connected to a bell box which contains 
1. A condenser. 2. A bell, and 3. An induction coil. 


The electric current necessary for talking purposes is obtained from: a 
storage battery located at a central point known as the ‘‘common battery 
central office’ and the alternating current to ring the bell is furnished by a 
ringing machine, also located in the Central Office. This is known as the 
common battery system. 





Fics. 7,513 and 7,514.—Commercial transmitter. The parts are: A, fixed carbon disc at- 
tached to the bridge at E; B, movable carbon disc attached to the center of the aluminum 
didphragm D, at C; M, hard rubber mouth piece. The shell is for protection and for mount- 
ing the transmitter to a stand or bracket. 


A commercial transmitter is shown in figs. 7,513 and 7,514, and a typical 
receiver in fig. 7,487. The receiver generally consists of a small U magnet 
M, made ofa very good grade of steel with many turns’of fine insulated wire 
SS, wound around its two poles, and an iron diaphragm D, located very 
‘near the poles, but not in contact with them. 
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Subscriber’s Set.—In the bell box, known as the subscriber’s 
set, shown in fig. 7,515 are three pieces of equipment: 


1. Ringer. 2. Induction coil. 3. Condenser. 


These are designated A, B, and C, respectively, in fig. 7, o15. 





| 
| 


Fic. 7,515 A typical telephone bell box with door open showing the ringer A, the induction 
coil B, and the condenser C. 


Ringer of Subscriber’s Set.—This is shown in figs. 7,516 sal 
7,517, and is a combination of a permanent magnet M, N, and 
an electro-magnet L and R, which is an inverted U magnet 
with many turns of fine insulated wire on each of the soft iron 
cores L and R, equal turns.on each. The permanent magnet 
M, N, is attached at M, to the center of the electro-magnet. 
This establishes two south poles S$, S$, of equal strength, and by 
induction two north poles-N, N, also of equal strength at the 
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ends of a piece of soft iron pivoted near the poles of the electro- 
magnet. This piece of soft iron acts as the armature and car- 
ries the hammer which strikes the bells. 


A biasing spring is attached to the armature at one end, which forces the 
armature to assume the normal position shown in the figure. If the biasing 
spring were not there, the armature would just float. 
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Fics. 7,516 and 7,517.—Ringer and diagram of its operation. 


The ringing current is alternating and reverses itself completely sixteen 
times in each second. Consequently at some instant the current may be 
flowing from L, to R, causing the S pole at L, to become stronger and the S 
pole at R, to become weaker, and as a result, the armature is pulled toward 
the S pole at L. 


When in the next instant the ringing current reverses, the opposite action 
takes place with the addition of returning power from the biasing spring, so 
that the armature moves with the reversals of the ringing current sixteen 

times in one,second. The hammer, being attached to the armature, will 
follow the movements and strike the bells. 
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Induction Coil of Subscriber’s Set.—This consists of two 
windings on a soft iron core made up' of a bundle of soft iron 
wires or laminations. The primary is wound over the iron core 
and the secondary over the primary. The induction coil is 
connected so that it is between the transmitter and the distant 
receiver in order to amplify the talking currents and enable 


them to reach a comparatively longer distance. Figs. 7,518 to | 


7,520 show various types of telephone induction coils. 
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Fics. 7,518 to 7,520.—Various types of tele- 
phone induction coils. 


Condenser of Subscriber’s Set.—The condenser consists of 
two sheets of tin foil separated by a double thickness of -par- 
affined tissue paper. ‘The tin foil sheets are approximately 31% 


ins. wide and are very long, so as to give the effect of a large 
surface. 
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The paraffined paper is slightly larger in width and is interposed between 
the two sheets of tin foil to prevent their coming in metallic contact. The 
combination is rolled up so as to occupy a small space, and is then boiled in 
paraffin and encased in a metal container for protection. A lug is attached 
to each sheet of tin foil so that wires may be soldered to it. 


Fig. 7,521 shows a typical telephone condenser. 


In operation, a condenser acts as an insulator in a telephone circuit where 
direct current is applied, but 1t readily allows the passage of alternating cur- 
rent. It is used in the subscriber's set connected in series with the bell so as 
to prevent the storage battery current passing through the bell from one side 
of the line to the other causing unnecessary waste of electricity. 





Fic. 7,521.—Typical telephone condenser. 


Station Line Circuit.—The connections of the apparatus in 
the bell box and the receiver and transmitter, are shown in 
fig. 7,522. On a call originating at this station the telephone 
user lifts the receiver off the hook. 


This completes the path of the electric current from one side of the line at 
A, through the primary of the induction coil and transmitter to the other 
side of the line at C, and causes a relay in the subscriber’s line circuit in the 
Central Office to operate and a lamp to light on the switchboard in front of 
an operator to notify her that a connection is desired. 
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On a call coming into this station line circuit a connection 
is made in the Central Office which places generator current 
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Fic. 7,522.—Diagram showing the inside 
connections of a telephone bell box, the 
binding posts of which are shown, top 
and bottom. Flexible wire cords connect 
these to the transmitter and receiver, as 
shown. When the receiver is off the hook 
the contacts there are closed by the up- 
ward spring of the hook and the circuits 
are closed for operation. ‘The line is al- 
ways connected to the two outer posts A 
and C, the middle post B often stamped 
G and used for ground connection on 
party line instruments. Terminals A and 
C, are generally designated T and R 
(tip and ring). 
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(16 cycles a.c.) on the line and 
rings the bell shown in fig.7 ,522. 


Desk Stand Telephone.— 
This piece of apparatus 1s shown 
unassembled in fig. 7,523. The 
connections in the stand are in 
general, as shown in fig. 7,524. 


Coin Box Telephones.—This 


type of telephone is shown in 


fig. 7,525, and consists of the 
usual.transmitter and receiver, 
and a bell box containing an 
induction coil, a -condenser, 
and a:bell. In addition there is 


acoin collect and return magnet. 


The coin machine consists of an 
‘upper housing encasing a chute with 
entrance points at the top for 5c, 10c 
and 25c coins. The lower portion of 
the chute opens into a hopper. The 
coin when dropped into the chute 
follows a zig-zag path and finally 
drops onto a small platform or coin. 
trab. However, before reaching this 
point, the coin has accomplished two 
things: 1, struck a gong; and 2, 
tripped a small lever which causes a 
set of contact springs to come to- 
gether. This in turn causes a lamp 
to light at the Central Office switch- 
board giving notice to the operator. 
that a connection is desired. 
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A 5c piece when dropped into the chute strikes a solid gong once, a 10c 
piece strikes the same gong twice and a 25c piece strikes a gong of the cathe- 
dral type once. The resultant characteristic tones are transmitted to the 

+ operator in the Central Office over the telephone wires. 
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Fic. 7,524.—Wiring of desk stand. 
| Fic. 7,525.—Coin box telephone. 
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The operator in the Central Office can either collect or return the coin by 
operating a collect or return key. 


If the collect key be operated, a magnet in the coin box ielhastsiads causes 
its armature to swing in such a direction as to tip the coin platform toward 
the coin compartment on account of the weight of the coin, with the result 
that the coin slides off the platform into a safe. 


If the return key be operated, the same magnet operates the armature in 
the opposite direction, causing the coin to slide off the platform down into 
the coin return chute. The magnet of this coin box telephone is operated in 
the same manner as the bell ringer of fig. 7,517. 
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Fics. 7,526 and 7,527.—Outdoor cable connecting box. This device is placed in a back yard 
in Cities, or on a pole in the country, and accommodates the two line wires for each telephone 
in a block or street. 


The operation of the collect key sends electric current through the electro- 
magnet of the coin box 1n one direction, and the operation of the return key 
reverses the direction of the current flow. 


The Common Battery Centrai Office.—The subscriber sta- 
tion equipment of fig. 7,522 1s connected by means of two 
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'wisted insulated wires to a cable terminal located either in the 
yasement of the same building or sometimes outside on a pole 
pr side of the building. This cable terminal, as shown in figs. 
7,526 and 7,527, has facilities for connecting a number of 
telephones. 

The wiring from the cable terminal is extended by means of a large lead- 


covered cable run, either through underground ducts or overhead on poles, to 
the Central Office. 
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Fic. 7,528.—Mounted trunk drops. Tubular trunk drops are mounted on a metal strip each 
being held by two small screws underneath the drop shutter. The tubular casing of each 
drop is soft iron inside of which is the drop winding; the ends of the coil wires terminating 
at lugs which protrude from the casing and are insulated therefrom. The drop shutters 
are then screwed fast to the metal strip and adjusted so that they may fall easily when the 
armature is held up by the magnet. 


Ques. What is a Central Office or Telephone Exchange? 


Ans. It is a telephone building which contains terminal fa- 
cilities and equipment to supply the telephone needs of a given 
district and contains also a switchboard operated by girl at- 
tendants who make connections between the telephone sub- 
scribers in the same district or with subscribers in another 
telephone district, or exchange by using trunks. 


Ques. What is the capacity of a Central Office? 


Ans. A Central Office may be designed with facilities to 
handle as many as 10,000 subscribers. 
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Fic. 7,529 —Typical layout of a Central Office operating room showing the A and B boards. 
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Fic. 7,530.—Typical layout of a Central office terminal room which also contains the power | 


plant equipment. 





a 







WHEN NO FUSE PROTECTION ISINSTALLEQ THIS MAY BE 
CONSIDERED AS THE OUTSIDE LINE CABLE | 
NO.2-PROTECTOR BLOCKS 
NO.3-MICAS 

NO.I-PROTECTOR BLOCKS 









POLIT A rn, 

Hy} 
TUL | 

wie 

“ie 


FUSIBLE METAL-— 


Mh 


Y} 
/ 


m 
Hel 


G 


NO.4A-HEAT COIL FOR 
MAGNETO LINE OR 

NO4I-HEAT COIC FOR 
CENTRAL BATTERY LINE 






ey 
f 


ti 


ps 
a 


“Seat [ii 


Bt Mplieest 4 py ie 
LTS 


cL. 





ee RING. a eae 
. . ga CABLETO SWITCHBOARD ~ 


= 












re JUMPER; ROUNDED STEEL BAR 
STRIP OF No. Vise TERMINAL STRIP “No.8 : 
€ 0.84 TYPE PROTECTOR ON 
vo Peovecrons ON HORIZONTAL SIDE OF FRAME VERTICAL SIDE OF FRAME : 
MOUNTED ON WALL — . SECTIONAL VIEW SHOWN 
oo ABLE FROM OUTSIDE LINES 


Fic. 7,531.—Typical main distributing frame and connections. All cable wires and jumper wires are in twisted pairs. The ter- 
minal strips are mounted on self supporting floor type steel frames. . The heat coils, as shown in fig. 7,532, are constructed so 
that when heavy currents are picked up by the line wires, as in the case of lightning striking the line or crossing with power 
lines, the heavy current heats a small coil of resistance wire (in the heat coil) which causes a fusible metal to melt and allow 
a small tube to slide over a pin a distance of !/1s in. and to make connection with the spring on the grounded steel bar of the 
distributing frame thereby leading the excess current to ground and protecting the telephone apparatus. 
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It is made up of two distinct sections, namely an operating room, fig. 
7,529, and a terminal room, fig. 7,530. 


The operating rocm contains an A anda B switchboard, and the terminal 
room contains distributing frames, relays, fuse panels,.storage batteries, 
charging machines and ringing machines. The apparatus is described in 
detail in the sections following. 





Fic. 7,532.—Heat coil, enlarged view. 


Fics. 7,533 to 7,535.—Various relays. The principle of operation and elementary construction 
is the same in all. They differ in constructional details, which allow one type to mount ina 
smaller space, or allow the closing or opening of several circuits in one operation. 


Fic. 7,536.—Relays on mounting plate. 


Distributing Frame.—A typical distributing frame is made 
of structural steel with terminal strips on one side mounted 
horizontally and terminal strips or heat coil protector blocks 
on the other side mounted vertically. 
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The lead covered cable from the subscriber’s cable terminal shown in fig. 
7,526 is brought to the horizontal side of the Central Office distributing 
frame, and is connected to the terminal strips as shown in fig. 7,531. 


From this distributing frame, or M.D.F., the line wires are led to a 
second frame, generally called intermediate distributing frame, or I.D.F., 
where cross-connections are made to terminal strips containing cable wires 
to line and cut off relays, and to the multiple jacks on the ‘‘B”’ switchboard. 


The Relays.—As used in telephone circuits the relays are of 
various types, some of which are shown in figs. 7,533 and 7,534, 
and are generally mounted on mounting plates, as in figs. 7,535 
and 7,536, which are installed on relay racks, the latter being 


iron I-beams vertically supported and drilled for the mounting 
plate holding screws 





Fics. 7,537 to 7,539.—Flat and round type resistances made of German silver, or other similar 
wire, wound on mica or asbestos. 





Fic. 7,540.—Jacks mounted in a hard rubber jack mounting. 


Resistances.—For telephone circuits resistances are of the 
flat type as in figs. 7,537 and 7,538. They are used to take 
up the excess voltage in connection with the operation of relays 
or the lighting of lamps on switchboards. Resistances are also 


mounted on mounting plates with the associated relays on the 
relay racks. 
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The B Switchboard.—As previously mentioned, the sub- 
scriber’s line is connected by means of cable from the J. D. F., 
in the terminal room to the B board in the operating room. 
At the B board the line terminates in a multiple jack located 
in a jack panel in front of an operator. 

Each operator can reach 10,000 jacks. In order to locate so many jacks 
within the reach of an operator, 20 of these jacks are moulded ina hard 


rubber strip about 10 to 12 ins. long, and these jack strips are piled up one 
over the other. | 


Each pile-up of jacks is known asa Jack panel and there may be as many 
as 1,500 jacks in each panel, as shown in fig. 7,541 I 
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Fic. 7,541.—Face equipment of a B board section. In each section there are seven jack 
panels, and each jack panel has a capacity of 1,500 jacks. Each rectangle above represents 
a group of 100 jacks and each group is designated on the stile strip as 00, 01, 02, 03, 04,— 
64—65—98—-99, etc. The jacks in each group are marked from 00 to 99 inclusive so that 
by taking the number on the stile strip plus the jack number it indicates the particular 
subscriber’s line associated, as 65-+-86, or telephone line No. 6586. The numbering ts per- 
manent for the life of the Central Office, and if a jack becomes defective, it must be dis- 
connected and removed and a new jack put in its place. 
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Connections to the jacks are made by means of cords, which are known as 
trunks, as shown in figs. 7,545 to 7,549. 


Ques. What is the 
function of the B operator? 


Ans. She connects a 
calling subscriber with a 
telephone within her 
Central Office area. 
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Fics. 7,545 to 7,549—Jack and plug details showing how connections are made by inserting 
a cord plug into a jack. Each jack has three contacts known as tip, ring, and sleeve, and 


the cord plug has tip, ring and sleeve to correspond. Hard rubber is used for insulation of the 
contacts. 


Incoming Trunks.—The operator completes the connection 
by inserting a cord plug into the jack of the desired line. When 
the cord is in the jack a relay associated with the cord circuit 
connects generator current and rings the bell of line called. 
The cord circuit at the B board is known as an incoming trunk, 
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and is connected to a jack on the A board of a distant Central 
Office, as shown in fig. 7,550. 


The A Switchboard.—The A board in a Central Office is that 
part of the operating switchboard where the subscriber lines 
and outgoing trunks are terminated to enable the telephone 
operator to receive signals and calls from subscribers and to 
make the first connections on all calls originated by any sub- 
scriber in that particular Central Office area. 
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Fic. 7,550.—Diagram of trunk between A and B boards. The A board end is known as ous- 
going trunk (or O. G. T.), and is connected to a jack which is repeated on the face of the A 
board at every 6, 7 or 8 panels and the trunk is multipled to each jack. The B board end 
is terminated as a cord and is known as incoming trunk. There are relays associated with 
each trunk circuit, and these relays are generally located on relay racks in the terminal 
room. The incoming trunk cord is located at only one specific position of the 3 board. 


The A board consists of sections, each of three operator positions, 
equipped with cords and jacks, and arranged to form a straight line, as in 
fig. 7,051, or a regular curve. It is similar to the B board in the construc- 
tion of the wooden frame work and the design of the panels. 


Answering and Trunk Jacks.—The jack equipment in the 
jack panel of the A board consists of the subscriber’s answering 
jacks at the bottom, the multiple answering jacks above them, 
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Fic. .7,552.—An A Board position. Legend: A, subscriber answering jacks and lamps; 
B, subscriber multiple answering jacks and lamps; C, outgoing trunk multiple (jacks only); 
D, connecting cords. There are two cords to each cord circuit, a front and a back cord. 
The back cord is used to answer and is inserted into the answering jack and the front cord 
is always inserted into the outgoing trunk jack; E, cord supervisory lamps, two to each 
cord circuit, one lamp for the back cord and one lamp for the front cord; F, message reg- 
ister key which when pressed operates a meter to register the call made by a subscriber; 
G, ringing and talking key. When tipped forward this key places ringing current to the 
front cord and when tipped backward the same key connects the operator’s telephone set 
to the cords for talking and listening (key details shown in fig. 7,558); H, pad holder to 
hold a small pad on which the A operator writes the number calling and the number called 
with the time in case an extra charge is to be made for a connection; I, call circuit buttons. 
Each of these keys when pressed connects the A operator with a distant B operator. Each 


key represents a distant central office (B board); J, position clock, operated by electricity 
and shows the time in six second intervals. 
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and the outgoing trunk multiple jackson top, as’ shown in 
fig. 7,552. 


Each answering jack has below it a small lamp, shown in figs. 7,553 to 
7,557. The answering jack and its lamp are connected to the subscriber 
line and cut off relays previously mentioned. The lamp lights when the 
receiver is removed from the hook at the telephone station associated with it. 





Fics. 7,553 to 7,557.—Miniature electric lamp and parts. The lamp fig. 7,553 fits into socket, 
fig. 7,554, and the lamp cap fig.:7,555 fits at end of lamp socket. The glass of the 
lamp cap may be white opalescent, red, or green, or it may be marked With black bars 
oradot. Figs. 7,556 and 7,557 shows hard rubber strips fitted with lamp sockets similar to 
the one of fig. 7,554. 





Fics. 7,558 and 7,559.—Switchboard keys. In order to meet the needs of every calling sub- 
scriber, the operator must perform several different acts in shifting and changing circuits 
and to facilitate this work, devices to simplify it as much as possible have been developed. 
The modern keys have greatly helped in the saving of the operator's time. By throwing the 
little levers a hard rubber bushing makes or breaks the contacts at the springs and throws 
alternating Current ringing power into the line. When the finger pressure is released, the 
levers fly back again into normal position. ‘The keys may be arranged to operate in the 
opposite direction for talking and listening purposes. 
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- Keyboard.—On the keyboard of an A position are 17 pairs 
bf cords, 17 keys to ring and talk, 17 register keys and 17 
pairs of supervisory lamps. In addition there are a number 
of call-circuit keys. 


_ Cord Circuits.—There are 17 cord circuits in each A position. 
‘Each cord circuit is composed of one pair of cords, one pair of 
‘lamps, one key to ring and talk and one register key. 
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Fics. 7,560 and 7,561.—Diagram of operation showing calling and called telephone and the 
Central Office A and B boards. The B board is assumed to be in a distant Central Office. 
It may, however, be located in the same Central Office as the A board in which case it 
serves to complete calls to subscribers in the same Central Office area. 


Operation.—By referring to figs..7,560 and 7,561 the opera- 
tion for a telephone connection is made clear. Both the A and 
B boards are involved in every telephone connection, be it local 
or over a long distance. 
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Assume that the calling number is Stuyvesant 2997 
and that the desired .party has telephone number 
Bensonhurst 7813. | 


The A board will be located in the Stuyvesant central office and the B 
board in the Bensonhurst Central Office. 


The calling party lifts the receiver off the hook and causes a lamp to light, 
on the A board. 


The A operator sees this light and inserts a back cord into the answering 
jack associated with the lighted lamp causing the lamp to be extinguished. 
The A operator says ‘““Number please’’ and the calling party replies ‘‘Ben- 
sonhurst 7813.’ The A operator then says ‘““Thank you,” and presses a call- 
circuit button marked Ben, which connects her with the B operator who will 
complete the connection in the Bensonhurst Central Office. - 


When the A operator has pressed the call circuit button she says to the 
B operator ‘“‘Stuyvesant 7813”’’ meaning that she is located in the Stuyvesant 
Central Office and desires a trunk connection to line No. 7813 in the Benson- 
hurst Central Office area. 


The B operator assigns a trunk to the A operator, and simultaneously 
picks up the cord associated with the trunk she has assigned and inserts it 
into the jack marked 78-13. The A operator picks up the front cord of the 
pair she started with and inserts the plug into the outgoing trunk jack. 


Before the B operator inserts the incoming trunk cord into line jack 78-13 
she makes a busy test by touching the tip of the cord to the sleeve of the 
jack. If the line be busy at that moment, she receives a click in her head 
receiver, and instead of completing the connection, she inserts the cord plug 
into a different jack designated busy. This sends interrupted ground and 
a busy tone back to the A board, causing the front cord supervisory lamp to 
flash at the rate of sixty times per minute, which tells the A operator that 
the line called is busy. The calling party meanwhile hears the busy tone and 
hangs the receiver back on the hook. If he do not hang up, the A oper- 
ator will advise him to do so by saying ‘“‘I am sorry, but the liné is busy.”’ 


If the line caJled be not busy, the B operator inserts the trunk cord into 
jack 78-13 and causes ringing current to be sent out automatically to ring 
the bell. When the called party answers, the ringing current 1s also auto- 
matically disconnected and -the circuit is ready for talking 


While the conversation 1s 1n progress, the cord supervisory lamps are not 
lighted. The instant the receiver is replaced on the hook, the corresponding 
cord supervisory lamp lights on the A board and the A operator disconnects. 
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Fics. 7,562 to 7,565.—Typical telephone circuit showing calling subscriber line circuit, A board cord circuit, trunk circuit and called 
subscriber line circuit. The calling subscriber is located in the area cared for by the A board. The called subscriber is located in 
the area cared for by the B board. The A and B boards may or may not be in the same building and may. be any distance 
apart. 


If one end of the line should move the hook up and down slowly, the cord supervisory lamp in fig. 
7,563 will flashto attract the attention of the A operator. The B board does not get this flash. 


When the A operator has removed the trunk cord from the O.G.T. jack, at the end of the conversa- 
tion, she causes the lamp on the B board associated with the trunk cord, to light, whereupon the B 
operator removes the cord from jack 78-13 and restores the trunk to normal for another connection. 


The Complete Circuit.—The foregoing operation is made possible by the circuit 
shown in figs. 7,562 to 7,565. There are four main parts to this circuit: 
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1. The calling subscriber, fig. 7,562; 
2. The local A board cords, fig. 7,563; 


3. The trunk, which connects the local A board with the —, 
tant B board, fig. 7,564; 


4. The called line at the distant end, fig. 7,565. 


Making a Telephone Call.—The calling subscriber originates. 
the call by lifting the receiver off the hook. This causes the 
line relay to operate and to connect ground to the line lamp, 
lighting it. The A operator upon seeing this light inserts the 
cord plug (call) into the answering jack above the lighted lamp. 

The insertion of the plug into the jack causes the current 
to flow from the cord supervisory lamp to the sleeve of the cord 
plug, to the sleeve of the answering jack, and through the 
winding of the cut off relay causing this relay to operate and 
to extinguish the line lamp. The cord supervisory lamp does 
not light because it is short circuited through the contacts of 
relay B-1, which is operated. 


After obtaining the information from the calling subscriber and also a 
trunk assignment from the B operator, the A operator inserts the Avs plug 
into the outgoing trunk jack. The supervisory lamp associated with this 
plug:is now lighted since the B-1 relay of this plug has not yet operated, and 
will not be operated until the called party answers the telephone. 


At the distant B board, the B operator takes the cord of the trunk as- 
signed to the A operator and inserts it into the multiple jack of the line de- 
sired. If there be party lines in that Central Office, she depresses the proper 
party ringing key R.W.S., or M, before inserting the cord plug into the 
jack. 


The bell at the called station now rings. The disconnect lamp at the B 
board is not lighted, and will not be lighted until the A operator disconnects. 


When the called party answers, the ringing current is automatically dis- 
connected and a path 1s completed for the electric current which causes the 
operation of the B-1 relay in the trunk, fig. 7,564. This causes the Ans 
cord supervisory lamp at the A board to be extinguished, advising the A 
operator that the conversation is now in progress. 
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At the end of the conversation the parties hang up, and each causes the 
associated B-1 supervisory relay to release and thereby light the correspond- 
ing cord lamp, advising the A operator that she may now take down the 
connections which she does and causes the disconnect lamp of the trunk to 
light at the distant B board. This signifies to the B operator that she may 
withdraw the trunk cord plug from the multiple jack, which she does, and 
restores the circuit to normal. 


The “night alarm” shown in fig. 7,562, is used only when 
the switchboard 1s managed by a few operators, as at night. 
When used, the night alarm relay, which operates when the answering 
lamp lights, causes the bell to ring to call the attention of the night oper- 


ator who may be handling a connection at some other part of the switch- 
board. The bell stops ringing as soon as the operator answers the call. 


Straight Forward Method.—A later development enables a 
trunk connection to be made in less time. This method elim- 
inates the call circuit between the A and B operators and is 
termed straight forward method. Instead of asking for a trunk 
assignment from the B operator, the A operator picks out an 
idle trunk to the B board, and inserts the cord plug into the 
corresponding jack. 

This causes the trunk lamp at the B position to light showing that there 
is a call waiting on that trunk. The B operator’s telephone is then auto- 
matically connected to the same trunk and two short tone impulses are 


transmitted to the A operator, indicating that the B operator is ready to 
receive a call. | 


At the same time the steady trunk lamp at the B board changes to a 
flashing signal which aids the B operator in locating the trunk to which she 
is connected in case several trunk Jamps are lighted at one time. The A 
operator then passes the number desired to the B operator who then makes 
the usual busy test. 

If the line be idle she inserts the plug into the multiple jack, thereby ex- 


tinguishing the flashing trunk lamp. The remaining operations are as pre- 
viously explained for fig. 7,562. 


Call Indicator Method.—On calls originated by subscribers 
in dialing central office areas, the connections are made by 
automatic switching apparatus, as explained in the next chapter. 
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In order to complete calls from subscribers in dial Central 
Office areas, the B board contains several positions which are 
known as cail indicator positions. These are similar to the one 
shown in fig. 7,566, and differ from the regular manual positions 
only in the equipment of the keyboard, which contains a small 
metal box with a glass plate known as call indicator and upon 
which are printed five groups of digits known as: 
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Fic. 7,566.—Typical call indicator position of a B board. The jack panels of these positions |! 


are equipped with subscriber multiple jacks like the rest of the positions on the B bcard.|. 
The call indicator box is mounted flush with the top of the keyboard. 


| 
1. Ten thousands; 
2. Thousands; 
3. Hundreds; 
4. Tens; 
Oo. Units. 
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The ten thousands group contains just 0 and 1. The other four groups 
have all ten digits from 0 to9. There may also be letters for party designa- 
tions. The metal box contains from 42 to 46 miniature lamps which are ar- 
ranged so that each number or letter has a lamp underneath. 


There is in addition at each position a control circuit composed of a num- 
ber of relays. The function of the control circuit is to receive the pulses 
coming from the mechanical sender of a dial Central Office, as described in 
the next chapter. 


The pulses cause the relays in the control circuit to operate in certain 
combinations which light the proper lamps on the call indicator and cause 
the number desired to be displayed on the glass cover. The B operator sit- 
ting at this call indicator position then takes the trunk cord over which the 
‘pulses were sent and inserts its plug into the jack corresponding to the 
number displayed on the glass plate, first however making the usual busy test. 


When the connection has been made by the B operator the number dis- 
played is automatically wiped out. The operations from this point on are 
the same as those explained for fig. 7,562. 


Manual Private Branch Exchanges.—It 1s often necessary in 
the case of business offices, hotels, department stores and sim- 
ilar establishments, to have more than one telephone station 
and to arrange these stations so that each may call the other 
as well as call the Central Office to transact business. For this 
purpose there have been developed several types of manually 
operated switchboards which are located in the subscriber's 


premises and which are known as Private Branch Exchanges or 
P.B.X’s. | 


These P.B.X.’s are connected to the telephone Central Office by means 
of lines called trunks, and have extension lines radiating to the various ex- 
tension stations in the subscriber’s establishment, as indicated in fig. 7,567. 

The type of P.B.X. switchboard to be installed for a particular case de- 
pends upon the service requirements, such as the number of Central Office 


trunks, the number of extension stations and the amount of traffic to be 
handled. 


The manual P.B.X. switchboards may be divided into two 
general classes: 


}. Multiple. 2. Non-multiple. 
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In the multiple type the extension lines and the Central Office trunks are 
repeated along the face of the switchboard at every four panels, so that a call 
coming into the switchboard will simultaneously cause a lamp to be lighted 
at every appedrance of that particular line and allow some operator, one 
who is not busy at that moment, to answer the call. This feature enables 
the switchboard to be made up of any number of operating positions up to 
the limiting quantity. 


In the case of the non-multiple switchboards, the extension lines, and the 
Central Office trunks appear at only one spot on the face of the switchboard. 
This limiting device means that switchboards of this type are made up of a 
few operating positions, and are designed to fulfill a lighter demand for tele-. 
phone service. | 
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Fic. 7,567.—P. B. X. system. 


Cordless Type Switchboard.—This is the smallest P.B.X. 
switchboard made and has keys as shown in fig. 7,568, instead 
of cords to make the connections. It consists of a small wooden 
box, the one shown being approximately 16 ins. wide by 15 ins. 
deep by 14 ins. high, and contains several keys, magnetic drop 
signals, hand generator which is used to ring the extension 
bells whenever the regular Central Office generator supply fails, 
and a telephone set. 
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Operation of Cordless Type Switchboard.—On connections 
between two extensions or between an extension and a Central 
Office trunk line, the two associated keys in the same hori- 
zontal row must be operated to the same up or down position, 
so as to bridge the two Hines. 
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Fic. 7,568.—Cordless type P. B. X. switchboard. There are 3 rows of keys with lI keys 
of the cam lever type in each row as follows: 3 keys for central office trunk lines (first 3 
keys at left side), each with a trunk line drop above (details of drops shown in fig. 7,528), 
7 keys for extension lines (keys 4 to 10), each with a magnetic line signal above; I key for 
the operator’s line (last key at right). The keys provide for 5 simultaneous connections. 


If one of the lines called be on a local extension, the ringing key in the bot- 
tom row associated with the called station must be held operated tn the down 
position to ring the bell. 


If two keys in the same horizontal row be operated to the same up posi- 
tion, two other keys in the same horizontal row may be operated in the 
down position, or vice versa, for a second connection. 


Each of the five wp and down positions on the horizontal row of keys has a 
magnetic supervisory signal mounted at the left of the keys m a vertical 
row. This operates as a disconnect signal when the receivers are placed on 
the switch hook and it may also be used to flash under the control of an 
extension at which the hook is being moved up and down. 
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Calls originated at one of the extensions are indicated by the operation of 
the associated magnetic line signal on the top row, which is restored to: 
normal when the operator answers the call. 
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Fic. 7,569.—Cord type P. B. X. switchboard. Each extension jack and each trunk jack is 
equipped with a line lamp which lights when a call comes into the switchboard. The cords 
have supervisory lamps which light when the conversation is over and the receivers at the 
respective telephone stations are hung up to indicate to the P. B. X. operator that the con- 
nection may be taken down. The ringing key in each cord circuit has generator current 
from the Central Office to ring the local extension bells. If this generator supply should 
fail a small hand generator is equipped to furnish the necessary alternating current. 


Calls coming from the Central Office are indicated at this P.B.X. by the 
operation of the associated trunk drop which has to be restored by hand 
after the call has been answered. 


The necessary battery to operate this P.B.X. and the generator current 
to ring the extension bells is furnished over separate feeders from the Central 
Office. The hand generator is used to ring the extension bells only in case 
of failure of the Central Office supply. 
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Cord Type P.B.X. Switchboards.— These are equipped with 
‘cords to make the connections and have lamps and jacks sim- 
ilar to the Central Office switchboards. They are made in 
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Yarious sizes depending upon the specific needs. The one 
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q Fic. 7,570.—Multiple cord type P. B. X. switchboard of three positions. Note the dial on 
each position; this is made necessary since the P. B. X. is connected with trunk lines to 


a dial central office. The capacity of this switchboard without increasing the number of po- 
sitions is approximately 500 lines. 


shown in fig. 7,569 has a capacity of 80 extension lines, 15 
central office trunks and 15 cord circuits (15 pairs of cords). 
All the relays, resistances and retard coils of the cord and 


«- trunk circuits are mounted on a swinging gate in the rear of 
« the switchboard. 
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Operation of Cord Type P.B.X. Switchboards.—The cords. 
are arranged in pairs and are used to make all connections. 
There are two lamps associated with each pair of cords, and 
a set of listening and ringing keys. When connections are to 
be made between the local extensions, the back cord is inserted! 
into the calling extension jack and the front cord into the 
desired extension jack. 








Fic. 7,571 —Large manual P. B. x switcHbourd. 


The rear cord lamp is controlled by the switch hook of the calling exten- 
sion and the front lamp by the switch hook of the called extension. On 
connections with central office trunks, the back cord is put up on the ex- 
tension jack and the front cord on the trunk jack. 


When a call comes into the switchboard, the lamp associated 
with the circuit lights. The operator then inserts the cord. into 
the jack above the lamp and causes the light to be extinguished. 


The operator, by tipping the respective key of the cord pair, can talk to 
the extension. By tipping the key to the ring position, generator current is 
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applied to the cord, which, if inserted into an extension jack, causes the 
extension bell to ring. The ringing is manually controlled by the operator. 


Large P.B.X. Switchboards.—Some P.B.X’s have a capac- 
‘ity of 4,000 lines and are made up of as many as 40 operating 





Fic. 7,572.—Operator’s equipment showing receiver, transmitter, cut in plug, etc. The chest 
plate transmitter equipment is shown with cords connecting it to a cut in plug and a head 
receiver. The horn shaped mouthpiece is made of hard rubber and can be removed. The 
chest transmitter is held in place by a cloth neck band, the receiver by a head receiver 
band and the plug is inserted in spring jacks which are connected with the operator’s set. 


positions. In these cases the switchboard is the same as the 
one used in the telephone Central Offices and requires similar 
main distributing frame, relay racks, and a large power plant 
consisting of a storage battery, charging machine, and a power 
board. One such P.B.X. switchboard is shown in fig. 7,571. 


Operator’s Telephone Set.—All telephone operators, 1n the 
central offices as well as in P.B.X’s, have a head receiver and 
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chest transmitter connected to a double plug as shown in 
fig. 7,572. When in use the plug is inserted into a double 
jack at the switchboard position in the manner indicated in 
figs. 7,560 and 7,561. 
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Fics. 7,573 and 7,574.—Magneto set telephone; views showing case closed and open. The 
transmitter connections are made of stranded copper wire with a double silk insulation. 
These wires lead from the transmitter through the hollow arm to the inside of the door. 
From hére one wire goes to one terminal of the battery and the other is soldered to a con- 
nector to which is already attached a wire that is carried through a slot in the back board 


to the primary winding of the induction coil. The set complete is made with all parts of 
the circuit and all wires well insulated. 


Magneto System.—A magneto telephone is shown in figs. 
7,973 and 7,574 which employs two or three dry cells at each 
telephone to supply the necessary talking battery instead of 
using a common battery. 


This instrument is used in the so-called magneto telephone system where 
each telephone user signals or calls the telephone exchange or other tele- 
phones on the line by turning the crank of a small hand generator or mag- 
neto. This system has been made obsolete by the development of the com- 
mon battery system, and is used only in small isolated plants. 
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Carrier Current Telephone System.—In the previous de- 
scription of the telephone it was mentioned that for each con- 
‘versation two wires were utilized. Where it is required to 
transmit telephone messages over long distances it is sometimes 
‘necessary to employ one of the long lines, or toll line, to carry 
‘more than one conversation in both directions simultaneously 
‘without interference with one another. This method 1s known 
as Multiplex Telephony or Carrier Current Telephone System. 
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Fic. 7,575.—Simplified Multiplex circuit, consisting of three channels, each equipped alike 
and arranged to operate simultaneously over the same toll line. Each sending station is 
equipped with a high frequency generator G, a sending key 5 and a repeating coil T. Each 


receiving station is equipped with a repeating coil T, a variable condenser C, an inductance L, 
and a sounder relay R. 
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It is accomplished by superimposing on the same pair of wires a number 
of alternating currents, each of different frequency and each controlled to 
carry a particular telephone conversation. 


The method of operation of this system is illustrated in the. 
simple diagram, fig. 7,575. 


The illustration shows three different channels, or stations, using the: 
same toll line simultaneously. Each channel is equipped the same, except. 
that the generator G has a different frequency for each channel. By oper- 
ating the sending key S, signals of frequency G are transmitted over the 
toll line which are picked up at the receiving end by the tuned circuit which 
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Fic. 7,576.—One channel of a carrier current telephone circuit the transmitting station con- 
sists of: O, vacuum tube oscillator circuit, which generates the high frequency carrier current; 
M, vacuum tube modulator circuit, which impresses the voice currents on the carrier current; 
T, transmitter. The receiving station consists of: D, vacuum tube demodulator circuit, 
which separates the voice currents from the carrier current wave; R_ receiver which repro- 
duces the speech. 
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js adjusted in resonance with the frequency of G. Similar operation of the 
channels No. 2 and No. 3 cause signals of other frequencies to be sent over 
the same toll line at the same time. 


At the receiving end, however, each tuned circuit, being adjusted in 
resonance to the respective generator frequency will pick up messages only 
from its own sending station. The tuned circuits are made very selective so 
that no interference results between the three messages. 


The elements illustrated in fig. 7,575 
are employed in the present type carrier 
current telephone system, except that 
instead of using the key to produce the 
messages, the ordinary subscriber trans- 
mitter 1s used to modulate the high fre- 
quency current. of generator G. The 
generator may be a small mechanically 
driven alternator built as a unit with the 
driving motor, capable of supplying as 
many as twelve channels in the voice 
frequency range of 400 and 2,500 cycles 
per second; or it may be the ordinary 
three element vacuum tube connected as 
an oscillator. 


The use of the vacuum tube is more 
desirable on account of its numerous ad- 
vantages over the mechanically driven 
alternator. The vacuum tube has no 
moving parts to get out of order, takes 
up little room, 1s very easily adjusted 
and has a low first cost and upkeep cost. 


In fig. 7,576 1s shown a simple 
carrier telephone system employing 
vacuum tubes. 


Operation.—The vacuum tube 
oscillator O operates similarly to a 
detector tube with regeneration in 
a radio set. When the feed back from 





Fic. 7,577.—Typical carrier current unit A, modulator band filter; B, demodulator band filter; 
C, channel unit consisting of oscillator, modulator and demodulator also shown in figs. 7,578 
and 7,579; D, signaling unit shown in fig. 7;580 E, adjusting unit; F, line filters. 
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the plate circuit exceeds a certain value the tube will cause 
a howl in the radio loud speaker. The howl is caused by 
high frequency oscillations produced by the vacuum tube. 
In fig. 7,576 the high frequency oscillations produced by the 
oscillator tube O are of constant current value, and would, of 
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Fic. 7,57 8.—Front view of channel unit with cover removed consisting of oscillator, modulator 
and demodulator. 
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course, convey no information to the receiving end. It is 
necessary to modulate, or to impress upon this carrier current 
the signals, or the conversation. 


This 1s done by using a transmitter in conjunction with another vacuum 
tube, designated M. The carrier wave undergoes a change as a result of 
this modulation, that 1s, variations are produced which correspond to the 
voice wave. 


The modulated carrier current reaches the receiving set where the demod- 
ulator tube D separates the voice wave from the carrier wave. The demodu- 
lator is in reality a deiector very much like the detector in a radio receiving 
set. 
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It must be remembered that other channels, similarly equipped, may 
be operating and using the same line simultaneously in both directions. 
However, the oscillator circuit in each channel generates a carrier of a 
different frequency and the associated receiving station is adjusted to 
receive only at that particular frequency. The several carrier currents 
from the various transmitting stations will not interfere with each other 
while traversing the common line wires. 





Fic. 7,579.—Rear view of channel unit with cover removed. 


Commercial Current Carrier Units.—The commercial types 
of current carriers are made up in units which are wired and 
adjusted at the factory. ‘These units are mounted on steel 
racks and are located in some centralized terminals, such as 


central offices. They may be wired to jacks which are located 
on the switchboard of the central office. 
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Each complete circuit is wired to the distributing frame where by means 
of cross connection wire connection may be made to a particular toll line 
and to the switchboard jacks when required. Fig. 7,577 shows the equip- 
ment for one circuit, both sending and receiving, with enlarged views of the 
units in fig. 7,578, 7,579 and 7,580. 





Fic. 7,580.—Front view of signaling unit. When the switchboard operator presses the ringing 
key at the switchboard, ringing current of 20 cycles is applied to this unit which causes by | 
modulation spurts of the carrier current to be sent out over the toll line to the distant switch- 
board which is equipped with a similar unit. The signals at the receiving end are demodu- 


lated and a series of relays operate in the similar signaling unit causing the lamp associated 
with the toll line to light. 


Ship-to-Shore Communication.—The first practical conver- 
sation between telephones on land and a ship at sea took place 
in the year 1922. On this occasion telephone apparatus on the 
S.S. America was employed while the ship was 400 miles out 
in the Atlantic Ocean. Before this date extensive experiments 
in two way conversation had been carried on between two 
ships and several cities in the United States. 

In order to establish a conversation between a telephone 
station on land and one on a ship while the latter 1s on a voyage, 
the message 1s transmitted by wire to a radio station located on or 
near the coast, thence to the ship by radio as shown 1n fig. 7,581. 
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Likewise, conversation originated at S on the ship is sent by radio and is 
picked up by the radio station B.S. on land, thence it is transmitted by wire 
through the central offices to the telephone station L. 


The system illustrated in fig. 7,581 is also used to establish ‘telephonic 
communication between airplanes and land stations. This, however, has 
not as yet been performed on a commercial basis. 


When a ship arrives at a pier, facilities are available to connect the tele- 
phone switchboard on the ship and the P.B.X. switchboard of the associ- 
ated steamship company on land. 
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Fic. 7,581.—Ship to shore communication; simplified diagram showing how a telephone conver- 
sation is established between a ship at sea and a land station. L, telephone station in a resi- 
dence or in an office; CO, local telephone central office; LD, long distance telephone exchange; 
BS, radio sending and receiving station on land; A, aerial on land; f, radio wave; AS, aerial 
on ship; RS, radio receiving and sending set on ship; S, telephone station on ship. 


This is done by means of a portable insulated cable of several pairs of 
wires which is connected at one end to a terminal box on the pier, and at 
the other end there is a plug which may be inserted into a multi-circuit jack 
on the ship. The jack is connected to the telephone switchboard on the 
ship and the terminal box on the pier is connected to the P.B.X. switch- 
board on land. 
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TEST QUESTIONS 


. Why is it necessary to supply a steady direct current 


to the telephone transmitter? 


. Does the receiver diaphragm vibrate at the same rate 


as the transmitter diaphragm? : | 


| 
| 


. Why is an iron diaphragm used in the receiver? 


. Describe the action in the receiver. 


5. What will be the result in transmission if the carbon 


granules in the transmitter stick together? 


. What will be the effect upon the receiver if too much 


current be allowed to pass through the windings? 


_ Will a bent diaphragm in the receiver cause trouble? 
. What will affect the sensitiveness of the receiver? 

. What will affect the sensitiveness of the transmitter? 
. Can a receiver be used as a transmitter? 


. What is the function of the condenser in the nile 


scriber's bell box? 


. Describe the operation of the bell. 


. State what happens when the receiver is removed from 


the hook. 


. What is the duty of the line relay? 
. What is the duty of the cut-off relay? 
. Describe the A-board and explain its function. 


_ Describe the B-board and explain its function. 


18. 


19. 


20. 


21. 


hs 


23. 


24. 


pa 


20. 
27. 
28. 
29. 
~ 30. 


31. 
o. 
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Explain how a connection is established between the 
calling and called subscriber. 


What is meant by ~ 


Straight forward operation’ of 
trunks? 


How does the heat coil protect a telephone line? 


Mention one serious trouble that will cause a large 
number of answering jack lamps to light on the A- 


board. 


If a call circuit become inoperative how is the con- 


nection established between the A-board and the 
distant B-board? 


What will happen if the ringing machine fail in a 
particular Central Office? 


When does the A-operator take down the connection 
at the A position? 


What indicates the end of conversation between two 
subscribers? 


Can the A-operator talk to the calling party? 
Can the A-operator talk to the called party? 
Can the B-operator talk to the A-operator? 
Can the B-operator talk to the called party? 


When does the B-operator disconnect the trunk cord 
from the subscriber's multiple jack? 


Who disconnects first, the A- or the B-operator? 


What may cause a premature disconnection at the A 
or at the B-board? 
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TEST QUESTIONS 


Carrier System ; 
1. What is resonance? | 
2. What will be the effect upon transmission if one of 


the line wires of fig. 7,575 become grounded? 


3.-If the receiving circuit of channel No. 1 in fig. 7,575 
be tuned exactly half-way between the frequency of 
channel No. 1 and the frequency of channel No. 2: 
what effect will it have upon the reception of 
channel No. 1? | 


4. Draw a simple diagram of a double channel two way 
carrier circuit. : 


5. Draw a diagram of a vacuum tube oscillator and de- 
scribe its operation. 


6. What is modulation of a carrier? 


7. Explain how the carbon button transmitter could be 
used to modulate a carrier current. 
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CHAPTER 186 


Inter-Communicating 


Telephones | 
(Inter-Phones) 


Inter-Communicating Telephones.—Inter-communicating or 
inter-telephones are those in which calls are made directly 
at each station without the aid of a P.B.X. operator, that 1s, 
each telephone has its own switchboard attached.  Inter- 
phones are desirable in mills, factories, apartment houses, 
stores, office buildings, etc. Figs. 7,582 and 7,583 show two 
types of inter-phones. 


An inter-phone system works as follows: 





~ Fic. 7,582.—Kellogg 11 station automatic, wall type inter-communicating telephone. 
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The pressing of any of the buttons rings a particular station, and when 
the finger is removed from the button, it falls back on the talking circuit, 
connecting the system with the station desired. 


When through talking with this station and another station is desired, 
the pressing of the other button restores to its normal position the station 
that has just been connected, as each button is arranged to automatically 
restore or release the other buttons. 


When the conversation is completed, the placing of the receiver on the | 
hook restores whatever button may have been 1 in use. 
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Fic. 7,583.—Kellogg 11 station desk inter-communicating telephone. , 

| 
To meet the different conditions in home and business, vari- | 
Ous inter-phone systems have been designed, which differ in 
the number of instruments that can be connected, the kind of | 
service they will give, etc. 


The systems in general use are: 


1. Two station; private line. 3. Selective ringing; common talking. 
2. Code ringing; common talking. 4. Selective ringing; selective talking. 
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Fics. 7,584 to 7,588.—Schematic diagrams of Graybar two station private line inter-phone system; 7,584, wall type; 7,585, hand 
set, surface box type; 7,986, hand set, desk stand; 7,587, hand set, flush box type. 
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Fic. 7,589.—Diagram of connections of Graybar two station private line inter-phone system. 
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Fic. 7,590.—Wiring diagram of Graybar code ringing, common talking inter-phone system. 0 
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Fic. 7,591,—Diagram of connections of Graybar code ringing, common talking inter-phone system. 
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o. Master station; common talking. 7. Master annunciator; common 
6. Master annunciator. talking. 


Two Station Private Line.—This system 1s for a small installa- 
tion where the sets are distantly located from each other. 
Only two wires are used for connecting the inter-phones, dry 
cells being required at each station. 

In operation, either station can ring the other by simply 
depressing the push button of the set. Wall, desk, or hand 
set inter-phones may be used interchangeably. 


A battery of three dry cells is required at each station to furnish current 
for talking and ringing if the length of line be less than 750 feet. If the 
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‘Fics. 7,592 to 7,.595—Schematic diagrams of Graybar code ringing, common talking inter- 
phone system. 
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length of line be increased, additional dry cells are required at each statior 
to insure satisfactory ringing. 


Code Ringing: Common Talking System.—This is a simple 
and inexpensive system for small residences, warehouses, stores 
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Fics. 7,596 and 7,597.—Method of connecting battery for Graybar code ringing, common: 
talking inter-phone system. A retardation coil is required for this system. This coil is: 
mounted on a small wood block and provided with two terminals. The function of the re-. 
tardation coil in this system is to prevent the talking current being shunted through the. 
battery while a conversation is being carried on. Only one battery is required to furnish 
current for talking and ringing. Do not use more than five Blue Bell dry cells connected 
in series. The retardation coil must be mounted close 'to the battery or at a point between 
the battery and the nearest station. The connections should be made as shown in fig. 7,596. 
Three wires should be run from the battery and coil to the nearest station as shown. In 
case the coil is to be mounted close to the nearest station, the connections should be made 
as shown in fig. 7,597. 
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or mercantile establishments, where only a few stations are re- 
quired and the number of calls between the stations is not 
frequent. Requires only three line wires throughout the sys- 
tem for two or more stations. Only one conversation can be 
carried on at a time. 


Each station is equipped with a push button. In operation, when the 
push button is depressed the bells at all the other stations ring. 
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If more than six stations be in service, signaling code mistakes are 
likely to occur, due to the possibility of misunderstood signals. 


Where the initial installation comprises more than four or six stations 
the selective ringing common talking system should be used. 





Fic. 7,598.—Graybar selective ringing common talking cradle type inter-phone system. It con- 
sists of a hand set with a cradle type mounting having push buttons mounted in the base. 
The hand set is black moulded bakelite. The interphone set includes an apparatus box con- 
taining a bell and a connecting block. 


Selective Ringing: Common Talking System.—This system 
is adapted to multi-station installation where conversation can 
be limited to one at a time. Any station in the system can 
selectively ring another station. 


Each inter-phone in the system is equipped with a number of push but- 
tons, one for each other station in thesystem. 


In operation, by depressing the button marked with the name or number 
of the station wanted, the bell at that station only will ring. Wall type 
inter-phones for this system may be obtained in capacities of 2, 3, 4, 6 
and 8 buttons, accommodating 3, 4, 5, 7 and 9 stations respectively; desk 
and hand set inter-phones in capacities of 4 and 8 buttons, accommodating 
5 and 9 stations respectively. 
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Fic. 7,099.— Wiring diagram of Graybar selective ringing, common talking inter-phone system. 
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Fic. 7,600.—Diagram of connections of Graybar selective ringing, common talking inter-phone system. 


969° 


Sauoydajay surjesunusui07-13}UT 





SCHEMATIC OF. 


NO. 1527-C & 1539-C TYPES 


_SYSTEM It 


DOTTED LINES DENOTE METHOD 


OF CONNECTING STRAP WIRES 
FURNISHED WITH EACH SET 
(SEE LAST PAGES FOR INSTALLING 





SSS 





PUSH Byron nine Y- 

BLOCK rete 
SCHEMATIC OF . 

NO. 6034-AZ, BB,6BGeBH SYSTEM Net2 


Gm a> an 4b a 4 @© & ab 


YELLOW 'y 
OO 













GREEN : GN —R $ 


2 ESK ee, 
eae “IGREEN ‘RED 


| 


AY 

: 

Oo 
ty 

z 

x 

+ 

mr 


cz 
Sor we am OG) @ 68S Oe ORS ee @ Oe ia) 
' 


a CONNECTING BLOCK ' RING.BAR'G 
f \ 6.BAR 


SCHEMATIC OF 


"NO. 6034-MP Bug BK SYSTEM-Hal2 


Fics. 7,601 to 7,603.—-Schematic diagrams of Graybar selective ringing, common talking inter-phone system. 


Fics. 7,604 and 7,605.—Method of connecting battery for Graybar selective iis: 
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Selective Ringing: Selective Talking System.—The adapta- 
tion of this system is for service where frequently more than 
one conversation may take place at the same time, where con- 
nections without loss of time are necessary and where the 
highest grade of transmission is required. 


In operation, each station can, a by pressing button, selectively ring 
and talk with any other station without disturbing the rest of the stations 
in the system and as many separate conversations can be carried on simul. 
taneously as there are pairs of inter-phones. 





Fics. 7,606 and 7,607.—Graybar selective ringing selective talking wall inter-phone in assembled! 
and open positions. This is an all metal phone having a hinged face plate, movable trans- 
mitter and hand receiver. The sets are finished in black enamel. The face being hinged! 
makes it possible to easily inspect all connections and apparatus, without disturbing the 
installation. 


For example, in a system consisting of six inter-phones, three separate 
conversations can be carried on at the same time. For each station in 
the system, one push button key is required in each inter-phone. 


Inter-phones for this system are available in standard sizes of 6, 12, 16, 
20.and 24 buttons. 


The push button keys and their operating mechanism are mounted in 
a rigid metal frame. In designing this key two operations are arranged 
for, as follows: Each key consists of a hard rubber push button mounted 
on a metal plunger, which passes through a hole in a movable locking 
plate. When the button is completely depressed the spring makes contact 
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SCHEMATIC WIRING DIAGRAM OF INTERPHONE SYSTEM NO.| a | 
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SHOWING CONNECTIONS OF FOUR STATIONS ONLY 





Fic. 7,608.—Wiring diagram of Graybar selective ringing, selective talking inter-phone system: full metallic. 
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Fic. 7,610.—Wiring diagram of Graybar selective ringing, selective talking inter-phone system; common return. 
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Fic. 7,611.—Diagram of connections of Graybar selective ringing, selective talking inter-phone system; common return. . 
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with the ringing battery supply causing the ringing current to flow to the 
station to which this particular key is connected, and ringing the bell at. 
that station. 


When the pressure is released, the plunger returns to an intermediate 
position, breaking the ringing contact and placing the inter-phoneon the 
line of the station called ready for conversation. 


While the conversation is taking place, the plunger is automatically held 
in the talking position by the locking plate until the plate is actuated by 
depressing another button. The pressing of another button causes the 
locking plate to release the key so that it assumes its normal position. 
Talking current for the inter-phone is cut off as soon as the receiver is 
replaced on the switch hook. 
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Fics. 7,612 and 7,613.—Graybar master station common talking inter-phone system; projecting 
and flush wall type sets. 


Master Station: Common Talking System.—lIt consists of 
one centrally located master station inter-phone to which are 
connected other outlying station inter-phones. The system pro- 
vides for communication from a central point to different sta- 
tions and vice versa. | 


The outlying stations are equipped with only one button which will 
ring the master station when depressed. Only one conversation can be 
carried on at a time. : 


The master station inter-phone is equipped with a number of push but- 
tons; one for each outlying station. 
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SCHEMATIC WIRING DIAGRAM- =SYSTEM No. 2. 


Fic. 7,614.—Wiring diagram of Graybar master station, common talking inter-phone system. 
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METHOD OF CONNECTING BATTERY 
AND RETARD COIL TO ie PUSH BUTTON 


STATION TERMINALS SYST EM NO. l2 


Fic. 7,615.—Diagram of connections of Graybar master station common talking inter-phone system. 
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Fics. 7,616 to 7,622.—Schemati¢ diagrams of Graybar master station, common talking inter-phone system. 


E0L'b 


4,704 Inter-Communicating Telephones 





In operation, when a push button is depressed marked with the name 
or number of the outlying station wanted, the bell at that station only 
will ring. 


The system is adapted to one master station and from two to sixteen 
outlying stations. 


Wall, desk and hand set inter-phones may be used for either the master 
or outlying stations. 
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Fics. 7,623 and 7,624.—Method of connecting battery to master station for Graybar master 
station common talking inter-phone system. Do not use more than five Blue Bell dry 
cells connected in series. When using wires of No. 22 B. & S. gauge (as contained in the 
standard inter-phone cables recommended for this system) the wire distance between the 
master and the farthest outlying station should not exceed 750 ft., as this is the longest 
distance over which satisfactory ringing can be secured with apparatus of this system and 
with battery and wires of the size outlined. The retardation coil may be mounted 
close to the battery or at a point between the battery and the master station. The connec- 
tions should be made as shown in fig. 7,623. Three wires should run from the battery and 
‘coil to the master station. In case the coil is to be mounted close to the master station, 
the connectidns should be made as chown in fig. 7,624. 


Master Annunciator System.—This is a non-interfering sys- 
tem designed to provide for communication between a central 
or master station and a large number of outlying stations. 


The master station can selectively ring and talk with any of the outlying 
stations and the outlying stations can call the master station. 
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? 


The master station annunciator consists of a number of drops and jacks 
one for each outlying station in the system, a push button for ringing, a 
hand set inter-phone, and a cord and plug for calling and answering. 


Each outlying station inter-phone is equipped with a push button for 
ringing the master station and at the same time operating one of the an- 
nunqciator sail thereby scene the call. 


In emails 1. To call an outlying station, the master sta- 
tion operator inserts the plug into the jack corresponding’ to 
the station wanted and depresses the ringing button of the 
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Fic. 7,625.—Graybar master annunciator, common talking system electric reset annunciator. 
The drop indicator is a white arrow which points directly at a white drop number; it can be 
seen from any angle. The audible signal is a new type double adjusting buzzer. 


annunciator. The operator converses with the outlying sta- 
tion by pressing the talking lever of the hand set inter-phone; 
2. The master station operator answers by inserting the an- 
swering plug into the jack corresponding to the drop operated 
and pressing the talking lever of the hand set. 


This system is only recommended for two-way service between the 
master annunciator and each outlying station. It is not designed for serv- 
ice between outlying stations, as there are no means of supervising such 
‘calls. For large installations where connections are required between sta- 
tions a private branch exchange switchboard is used. 
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BATTERY | Fics. 7,626 and 7,627.—Wiring and connection diagrams of Graybar mas- 
CON. TO MASTER STATION einen bal ee ter annunciator common talking inter-phone system. 
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‘Master Annunciator: Common Talking System.—This sys- 
tem meets the requirements of school service. The system con- 
sists of an annunciator for use in the principal’s office for reg- 
istering the calls from the class rooms, also a desk stand and 
a push button block for calling each class room inter-phone. 


The principal’s or master station equipment consists of an electric 
reset annunciator and a push button block with one drop and button for 
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Fics. 7,628 to 7,631.—Schematic diagrams of Graybar master annunciator common talking: 
interphone system. 


each class room station in the system. The push button block also con- 
tains buttons -for electrically resetting the operated drops. The principal 
is signaled from the class room set by means of the push button on each set. 
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Inter-phone Apparatus.—Inter-phone systems are simple and 
consist essentially of the following equipment: 


1. Inter-phones; 

2. Batteries to furnish current for ringing and talking; 

3. Wire or cable to connect inter-phones and batteries; 

4. Installing material (usually furnished by the installer) for 


connecting and fastening inter-phones, cable (or wire) and | 


batteries. 


There are three types. of inter-phones to suit different con- 


ditions: 
1. Wall; 
2. Desk; 
3. Hand set. 


These can be used interchangeably in the same system. 


Preparing Inter-phone Cable for Connections.—A fter having 
definitely established the route of the cable, it will be necessary 
to open it properly and fan out the cable-wires before connec- 
tion can be made to the terminals of either inter-phones, cable 
terminals or connecting blocks. 


The following procedure will serve as a guide: 


The cable should be lined up parallel with the board on which the ter- 
minals are mounted, allowing a length of 4 to 6 inches of cable to extend 
beyond the last terminal. Mark the cable at a point about 1)% to 2 ins. 
before the first terminal. From this mark to the end remove the cable 
covering. 


If the cable have a lead sheath, the latter can be removed as 
shown in figs. 7,632 to 7,634. If it have a braided covering, 
the latter can be removed by making a slit by means of a sharp 
penknife, lengthwise from the end of the cable to the marked 


point. 
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seeeeivoidecutting ‘the insulation of the conductors. After this cut has been 
made. the braiding can be peeled off easily, and removed with a pair of 
cutters. A wrapping of lacing twine should then be made around the 
cable where the braiding ends to prevent any further loosening of the in- 
sulation at that point. 






Fics. 7,632 to 7,634.—Method of preparing inter-phone cable. First make a very slight cut 
around the cable as in fig. 7,632 about one third through the lead. The lead sheath can then 
be easily broken off at this point by bending it backward and forward, as in fig. 7,633, after 
which it can easily be pulled free of the cable, as in fig. 7,634. In cold weather or if the 
cable has been bent or twisted the sheath may not come off easily. In that case, heat the 
end to be pulled off with a candle. This will soften the wax inside the cable and allow the 
lead sheath to be removed easily. 


After the covering has been removed from the cable, the wires should 
be formed, fanned out and sewed up so that they will hiv? the proper 
shape for connecting to the terminals. This i3 best done Ly the aid of a 
small wooden board as in fig. 7,635. 
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Fic. 7,635.—Board template for fanning and sewing inter-phone cable. The marking of the 
board depends entirely upon the location of the terminals to which the wires are to be con- 
nected. For example, the following describes a cable forming board for 24 button inter- 
phones of a two station line. Mark the board as shown each outside X mark being made 
at a point where a wire is to be brought to a terminal and a center X mark in the line between 
them. The vertical distance between the X marks will be the same as between the ter- 
minals of the apparatus. The horizontal distance between the outside X marks will be 
determined by the size of the block on which the terminals are mounted. Small nails are 
now driven in the X marks, and the end of the cable laid out flat on the board against these 
nails. The wires are then brought out from the cable in the order in which they should 
run to the terminals and twisted around the center nails as in fig. 7,636. 


Fic. 7,636.—Board template with spacing nails showing inter-phone cable fanned and sewed. 
The lacing twine is stitched around the cable as shown in fig. 7,637. 
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After the cable has been prepared as shown in the illustrations the con- 
ductors should now be cut off ata point about 1 in. beyond that required 
to reach the terminals when the cable 1s in its final position. The insula- 
tion of each wire should then be removed to about 1 in. from the end. 
This is usually done by squeezing the insulation with a pair of flat nose 
pliers. If sufficient pressure be applied the insulation can then be torn off 
easily. Do not use a knife for cutting the insulation. A knife may nick 
the wire, later resulting in a break and causing trouble. 


After the insulation. has been removed the cable should be taken off 
the forming board and connected to the terminals. It is advisable to 
shellac the formed portion of the cable with transparent shellac, which will 
prevent the insulation fraying. Care should be taken to remove any piece 
_of wire which may have fallen in among the terminals while wiring. This 
is often a source of trouble if not done. Every screw and lock nut should 
also be examined to insure tight and positive connections. 
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Fic. 7,637.—Detail of inter-phone cable showing lacing twine stitched around the cable to 
hold the wires permanently in position. Another method to secure the same result consists 
of drilling small holes, about 4% in. diameter, through the board at the outside X marks, 


fig. 7,635, and pushing the proper wires through these holes and then stitching the cable 
with lacing twine as explained before. 


TEST QUESTIONS 





1. What is an inter-communicating telephone? 
2. How does an inter-phone system work? 


3. Name the different inter-phone systems in general 
use. 


4. Describe a two station private line. 


5. Explain the operation of the code ringing common 
talking system. 
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6. How does the selective ringing common talking sys- 


15. 
16. 


tem work? 


. What is the adaptation of the selective ringing selec- 


tive talking system? 


. Draw a diagram of the selective ringing, selective 


talking system. 


. Explain the operation of the master station common 


talking system. 


. Draw a diagram of the master station common talk- 


ing system. 


_ For what service is the master station annunciator 


system intended? 


_ How does the ‘master annunciator re cam 
OF | what does the principal's or master station school 


equipment consist? — 


. Describe the various apparatus used in inter-phone 


systems. 
How is inter-phone cable prepared for connecting? 


Describe the construction of a board template for fan- 
ning and sewing. 
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CHAPTER 187 


Telephone Troubles 


Subscriber Line Troubles.—1. Bell does not ring; may be 
caused by 


a. open bell; 

b. open condenser; 

c. open bell strap wire; 

d. bell out of adjustment; 

e. biasing spring too tightly drawn. 


2. Can’t hear; may be caused by 
a. open receiver magnet; 
b. open receiver cord; 
c. short-circuited receiver; 
d. short circuited receiver cord; 
e. open secondary coil; 
f. open switch hook contact; 
g. receiver diaphragm missing; 
h 


. receiver diaphragm bent. 


3. Can't talk; may be caused by 


a. open primary coil; 
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oO 


. open switch hook contact; 


“ 


. open transmitter; 


a, 


. open transmitter cord; 
e. short circuited transmitter; 


f. carbon granules in transmitter packed. 


ay) . 
Nour . 


4. Poor transmission; may be caused by -  ~——- 


QR 


. leakage in telephone line; 


oO 


. high resistance open in line; 
c. short circuited induction coil; 
d. partial short circuit in line; 


e. partially demagnetized receiver. 


5. Noisy connection; may be caused by 


a. loose connection along the talking circuit; 
b. line crossed with another line; 
. ¢. cross connection wire in Central office distributing ia 
d. defective heat coils; 
e. defective jack at A board or B board; 


f, defective cord connected to the line jack in the central office. 


6. Can hear conversation of another circuit 


a. lines crossed in cable terminal box; 
b. breakdown in cable; 
c. lines crossed at the distributing frame in the central office; 


d. listening keys crossed on the A hoard. 
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7. Can't signal Central office operator. 


a. open line, one wire or both; 

b. open transmitter circuit; 

c. heat coil on central office distributing frame. defective or missing; 
d. line relay does not operate in central office; 

e. dirty contacts in line relay in central office; 


f. line lamp burned out on A board. 


Central Office Troubles—A Board.—1. Operator can’t hear 
on all connections 


a. operator’s telephone set defective; 


b. operator’s telephone circuit open or short circuited: 


c. defective plug or cord. 


2. No line lamps light 


a. fuse blown in terminal.room; 


b. open strap wire at lamp sockets in A board jack panel. 


3. No supervisory lamp on cords 
a. fuse blown; | 
b. cord lamps burned out; 


c. supervisory relay in cord circuit stuck up. 


4. Position crossed (operator hears conversation with key 
normal) 


a. listening keys crossed. 
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5. Can’t ring (on part of the cord circuits) 


a. ringing strap broken or disconnected. 


6. Can’t ring (on one cord only) 
a. ringing strap open at ringing key; - | 
b. defective contacts at ringing key. 


7. Operator can’t hear on one cord 


a. listening strap open at talking key; 
b. defective contacts at talking key. 


| 
8. A position crossed with a distant Central Office B operator 


a. call circuit button contacts crossed; 


b. call circuit button stuck down. 


9. Line lamp is not extinguished after inserting the answering 
cord into the answering jack 


a. cut off relay does not operate; 


b. line relay does not release. 


10. A operator can’t get distant B operator over call circuit 


a. call circuit open at key; 
b. call circuit open at punchings; 


c. call circuit button springs not working. 
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Central Office Troubles—B Board.—1. No busy back on 
entire B board 
a. lead open at beginning of line up; 


b. lead open at power board. | 


2. B operator can’t hear 


a. defective telephone set; 
b. open-in telephone circuit; 
c. open wire at grouping keys. 


ft 


3. Steady guard lamp on a trunk cord 


a. grounded tip side of trunk line; 
b. defective (operated) relay in trunk circuit; 


c. tip side of trunk crossed with another crossed cord at plug. 


4. Steady guard lamp on a trunk while conversation is in 
' progress 
a. sleeve relay did not operate; 
b. guard lamp relay remained operated; 
c. sleeve of trunk cord open; 


? 
i 
i 


: d. subscribers multiple jack sleeve open. 

i 5. No guard lamp (on incoming call) 
| 

| a. lamp burned out; 


b. fuse blown; 


c. lamp twisted in socket; 
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d, trunk.wires open; an ae 
e. relay in trunk circuit does not operate; 
f. dirty contacts in relay of trunk circuit: 


g. open contacts at sleeve relay. 


6. No disconnect lamp on trunk 


a. supervisory relay stuck up; 


b. defective lamp. 


7. No busy test 


a. tip side of cord open;. 
b. sleeve relay contacts dirty; 


c. sleeve relay operated. 
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CHAPTER 188 


The Dial Telephone 
(Automatic) 


‘ A dial telephone system is somewhat different from the 
manual system in-so-far as the equipment is concerned, al- 
though the desired function of connecting telephone subscribers 
together to satisfactorily carry on a conversation is exactly the 
same. 

In a dial central office there is considerably more equipment, 
a great portion of which is automatically operated and con- 
trolled, more maintenance men and less girl operators. 


In a dial telephone system all calls within a specified “‘local’’ area are 
handled exclusively by automatic switching apparatus, there being no oper- 
ators required as in the manual system. Calls to more distant points, how- 
ever, are routed through a special “‘A’’ operator who, besides taking care of 
the connection, makes out a ticket for a “‘toll’’ charge against the calling 
subscriber. The special ‘“‘A’”’ board is also employed for emergency connec- 
tions and assistance calls from the subscribers in the same central office area. 
Besides the special “‘A”’ operators, in a dial central office, there are a number 
of girl operators working at ‘“‘cordless’’ B-positions. 


There are two distinct types of dial systems, namely: 
1. Panel. 


Used for large capacity central offices in big cities. 
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2. Step-by-step. 


Used for small central offices. 


Panel Dial System.—This system derives its name from the 
design of the multiple banks which are arranged as panels and 
which are mounted on frames known as selector frames. 


Co) een 


SUBSCRIBER LINE SUBSCRIBER LINE 


Fic. 7,628.—Simplified dial telephone system. A, telephone subscriber with number ATLantic 
2357; B, Atlantic central office; D, Mayflower central office; C, telephone subscriber with 
number MAY flower 7348. 
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Fics. 7,629 and 7,630.—Telephone with dial and circuit diagram. 
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Consider a telephone subscriber at location A connected to 
1 dial Central Office at B and a second telephone subscriber at 
‘~ connected to a second dial Central Office at D as indicated 
in fig. 7,628. 

The telephone station at A consists of the familiar trans- 
mitter and receiver with the bell box. In addition there is a 
dial mounted on the transmitter stand as shown in fig. 7,629, 
all wired as in fig. 7,630. The telephone station at C 1s equipped 
the same as the one at A. 


ATLANTIC MAY FLOWER‘ 
Wk ao a 7348 


Sal : a 
} Ao 
















| LINE DISTRICT >? INCOMING FINAL ° 
- FINDER SELECTOR SELECTOR * - SELECTOR SELECTOR: 
| FRAME A. FRAME FRAME < : FRAME FRAME ' 
LINK 7 
: OFFICE : i OFFICE 
:  SeNoeR «=O BU Cee D 


Fic. 7,631.—Panel dial system—routing of a call. a, line finder; b, district selector; c, office 
- gelector; d, incoming selector; e, final selector. 


In operation: Subscriber A wishing to call C lifts the receiver off the 
hook and hears the dial tone, which is a sort of subdued and continuous 
br-r-r-r-r, sent by the sender at Central Office B. This means that he may 
proceed with the next operation, which in this case is to dial M-A-Y 7-3-4-8. 
By this operation the letters and the numbers are converted into different 
pulses which are received by the above mentioned sender at Central Office B 
where the seven different sets of pulses are absorbed by the sender, causing it 
to assume certain settings, which will direct and control the operation of 
various selector switches, some of which are located in Central Office B and 
some in the distant Central Office D, as indicated in fig. 7,631. 
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The sender in Central Office B, does not require that all the numbers br 
dialed before it can function. As soon as the three letters M-A-Y, knowr 
as the ‘“‘Central Office code’”’ letters have been dialed, the sender causes a so 
called district selector, mounted on the district selector frame to operate anc 
to move upward to find an idle trunk to another frame in the same office I 
which is known as the office selector frame and causes an idle selector on thi! 
frame to move upward and to stop at a set of terminals to which are con 
nected wires, or trunks, coming from the distant office D. 


When the numbers 7-3-4-8 are dialed the same sender ir 
office B causes two different selectors in the distant office L 
to move upward and to locate the set of terminals corre. 
sponding to that line. 

The first one of these two selectors is mounted on a frame known as thi 
incoming selector frame and is determined by the first two digits dialed (it 
the order of dialing) namely 7 and 3, and the second selector is mounted or 


the final selector frame and is directed by the sender in office B in accordanct 
with the last two numerals dialed, 4 and 8 in this case. 


When the final selector in office D has, under the control of the sender ir 
office B, connected to the called line, the incoming selector furnishes the 
generator current to ring the called subscriber’s bell. 


By this time the sender has performed all its work and it is accordingl} 
disconnected from the district selector circuit of office B. 


When the called party answers by lifting the receiver off the 
hook the ringing current is automatically removed. 
The conversation takes place and eventually it is finished and the parties 


hang up the telephone receivers, causing all the selectors to disconnect auto: 
* matically. 


The apparatus will now be described, stripped of all the cir- 
cuit complications and the intricate mechanical details. 


_ The Dial.—As shown in the accompanying illustrations, the 
dial is generally mounted on the telephone. It 1s a device consist- 
ing of a rotating disc (finger wheel), with a spring and a cam 
lever. 





mbled dial and wiring diagram. 
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Fics. 7 ,634 and 7,635 .-—Kellogg common battery telephone; enclosed gong wall type arranged 
for automatic dial. Fig. 7,635 open view showing interior construction. 
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Fic. 7,636.—Single central station stops. 
Fic. 7,637.—Miulti-central station dial showing central station letters, and numerals. 
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of cam. In operation, as the dial is rotated by the finger clockwise, a coiled spring 
wound which, after.removing the finger on reaching the finger stop causes the dial to re 
to its initial position. This is a ratchet which transmits the return movement to gears 
governor. The gears are in mesh with a pinion on which is a cam which is so geared. 
when say No. 1 is “‘dialed’”’ the cam will make one half revolution, opening the impulse spring 
once. Similarly the impulse spring will be opened a number of times corresponding to the 
number dialed. 
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When a number is dialed the 
finger wheel is pulled around to. 
the finger stop, and then let go. 
The spring now pulls the finger 
wheel back to its original posi- 
tion and in doing so the cam, 
which is attached to the finger 
wheel, causes a set of springs to 
separate and to come together 
successively opening and clos- 
ing the circuit of the line, there- 
by generating pulses. 


thereby insuring proper alignment of the 


» 


The number of pulses 
generated is equal to the 
figure under the hole into 
which the finger is placed. 
The return speed of the fin- 
ger wheel is controlled by a 
governor so that when “O” 


ecting from the back fit into holes in the dial frame 
dial. 7 





£ is dialed the finger wheel 
= will return to normal in one 
= second, or 10 pulses are gen- 
& erated in one second. 
: , 
go In larger cities the plate un- 
ao der the holes bears certain let- 
‘6, Ea ters of the alphabet in addition 
gs to the numbers. These letters 
as are used for dialing the first 
rr 2 three letters of the central office 
qa names. Figs. 7,636 and 7,637 
q ° ° 
» 2 show comparison of the single 
Z : office dial and the multi office 


Fics.7,641 to7,653.—Disassembly of dial set showing various parts; the number plates consist of a copper base coated with a vitreous 


dial. 
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Selector Frame; Selectors.—In fig. 7,654 is shown one side 
of one selector frame, the opposite side being an exact duplicate 
of the one shown. | 

The framework is of iron and contains five small. panels, each 


called multiple banks. 


These five banks are lined up one above the other, so as to make one con- 
tinuous vertical plane. Facing each side of these multiple banks, on each 
side of the frame, are 30 selectors arranged vertically so that they can be 
elevated to the highest point and then lowered to the starting point. Each 
selector consists of a long brass tube about 14 in. in diameter, mounted 
vertically and holding five multiple brushes equally spaced apart so that 
each brush can reach the entire height of one bank. 
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Fic. 7,654.—Panel type selector frame. 
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At the upper end of the selector rod is mounted a set of commutator 
brushes and at the lower end is attached a rack which is a flat strip of bronze 
with rectansular perforations, as shown in figs. 7,655 to 7,657. 


Each multiple bank is built up of 300 individual brass strips running the 
entire length of the bank, each separated by an insulated strip. The brass 
strips have 30 projections on each edge so that when the whole assembly is 
bolted up there are formed on each side of the bank 30 sets of projections, 

-each set composed of three vertical rows and each vertical row containing 
100 terminals. 


Each set of three terminals serves for one line or one trunk and is used 
for tip T, sleeve S, ring R (see fig. 7,661) so that there are 100 lines or trunks 


Fic. 7,655.—Lower portion of selector frame showing raised rack attached to lower end of 
selector rod. The rack is made of spring bronze and has 100 rectangular perforations spaced 
vertically corresponding to the 100 trunks (vertical) on the bank, and five rectangular per- 
forations wider apart corresponding to tripping positions of the selector brushes. The bot- 
tom multiple brush is shown making contact with a set of terminals in the bottom bank. 
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arranged in a vertical column, and each line appearing 30 times on one side 
of the bank and 30 times on the other side. 


The selectors are arranged so that there is one in front of 
each vertical column, and so that a particular brush of that 
selector can be stopped at any one of the 100 lines to make 
contact with the T, S, and R, projections on the multiple bank 
corresponding to that line. 


The brush has four parallel contact springs so arranged that normally 
while the brush is untripped the contact springs do not touch the multiple 
bank contacts, or projections; but when the brush is tripped the two outer 
springs make contact with the T and R, lugs, respectively, on the multiple 
bank and the two inner springs touch the S, projection. Actually then the 
two inner springs on the brush serve as one. 


The commutator brushes at the top of the selector rod slide over brass 
bars moulded in hard rubber to form what is known as a commutator shown 
in fig. 7,656 and 7,657. 


It was mentioned before that the lower part of the selector rod is attached 
to a rack which has rectangular perforations equally spaced to correspond 
with the 100 lines on the multiple bank, and in addition there ace five other 
perforations a little wider apart and used in connection with the tripping of 
the brushes on the selector. Only one of the five brushes Is tripped to make 
connection ‘at one time, since all five brushes are connected ‘in parallel and 
would cause a cross if two or more brushes were to be tripped together on. 
one selector. As to which of the five brushes is to be tripped is determined 
by the sender. : 


The rack is arranged'so that. on one side it faces two cork rolls, revolving 
in opposite directions, and on the other side there are two magnetic clutches, 
named, up-drive and down-drive magnets, one in line with each revolving 
cork roller, as shown in fig. 7,656.. The rolls are operated continuously by a 
small electric motor and a system of gears which are shown in fig. 7,658 and 
which are located in the lower part of the selector frame, as shown in 
fig. 7,656. 


Operation of Selector.—Briefly, the operation is as follows: 
The sender causes a selector to start by energizing the up-drive 
magnet of the clutch which pushes the rack against the lower 
rotating cork roll, causing the rack to be raised. This in turn 
being attached to the selector rod pushes the selector upward. 
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As the selector rod, continues in its upward movement it reports, so to say, 
back to the sender, by means of impulses from its commutator, how far 
upward it has progressed. When the selector rod has reached a certain 
height the sender immediately stops 1t to make arrangements to trip one of 
the five brushes. The brush to be tripped is the one that has to hunt in the 
bank where the trunk to the desired office, or where the desired line, is 
located. Then the selector 1s again started on its upward movement and 
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Fics. 7,656 and 7,657 .—Diagrams of assembly of selector frame and selector rods. Fig. 7,656, 
front view; fig.7,657, end view. 
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the proper brush is tripped by a projection on the tripping rod which 
rotated so that this projection gets in the way and snags the brush. 


The selector continues to report to the sender through impulses receive 
through its commutator as it moves upward to select the line, which j 
located in the bank where the brush has been tripped. When this line ha 
been reached the sender stops the selector. 


Provision is made that if the selector in question be hunting for an idl 
line in a certain group and no such idle line be available at that instant, thi 
selector will automatically advise the calling subscriber of the busy condi 
tion by sending back the characteristic busy tone. 


GEAR CASE DOWN DRIVE | 






4 
cork Rotts UP DRIVE MOTOR COUPLING 


Fic. 7,658.—Cork rolls. 


Sender Control of Selectors.—In the previous analysis, men- 
tion was made of the sender and its control of the operation of 
the various selectors. The sender is an electro-mechanical 
device and is the most important and complex portion of equip- 
ment of the panel type dial system. 

The sender consists of a group of relays, a group of rotary switches or 
rotary selectors, and a group of sequence switches, all of which are mounted 
on frames, as shown 1n fig. 7,659. In the group of rotary switches, or regis- 


ters, there is one switch for each letter and one for each digit dialed. Each 
one of these switches is constructed as shown in fig. 7,660 and is operated 
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in accordance with the pulses sent over from the dial, that is, the rotor is 
stepped around, one terminal or one position, with each pulse and will take 
a certain seiting to correspond with the letter or numeral dialed. 


When the three central office code letters have been dialed, 
the corresponding rotary switches in the sender take their re- 
spective setting and start a selector on the translator selector 
frame to travel upward to a certain point, and cause its brushes 
to make contact with certain bank terminals which are con- 
nected to drums of a pulse machine. 


This pulse machine sends interrupted battery to the bank terminals of 
the translator frame, and these interruptions are picked up by the brushes 
of the translator selector which are connected to the relays in the sender 
circuit. These relays are known as translator register relays, and are oper- 
ated in various combinations, according to the pulses delivered to them by 
the pulse machine drums. However, the circuit combinations set up by 
these translator register relays will determine several conditions such as 


1. Whether the central office dialed is a manual or a dial office. 
2. The particular brush to be tripped on the district selector frame. 


. 3. The particular group of trunks to be selected from on the district 
frame. 


4. The brush to be selected on the office selector frame. 
5. The group of trunks to be selected from on the office frame. 


As a selector is started in motion, another group of relays in 
the sender circuit, known as counting relays, receives pulses 
from the commutator associated with that selector, as previ-. 
ously explained. | 


The number of counting relays to be introduced is dependent directly 
upon the register settings. As the selector commutator brushes slide over 
the brass bars on the commutator, two of these counting relays are operated 
every time a brass bar is passed over, so that when all the counting relays 
for a particular setting have been operated, a circuit condition is created 
which causes the sequence switch 1n the sender to operate and to release all 
the counting relays that were held operated, with the result that the elec- 
tricity is disconnected from the clutch magnet on the selector frame causing 
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the selector rack to move away from the up drive roller. This of course 
means that the selector does not rise further. At'this instant, the clutch 
pawl slips into the perforation of the rack and prevents the selector | fall- 
ing back to its starting position on account of its weight. 


At this point, another circuit condition. is created which 
causes the selector circuit sequence switch on the selector frame 
to operate and to place the selector circuit in the proper relation 
for the next operation, which is to cause the trip circuit to 
operate and the selector to start again on its upward travel, 


' This time one of the brushes on the selector is snagged and is brought in 

contact with the bank terminals. So far, the sender has accomplished what 

is known as brush selection. It is now necessary to bring that brush up to 

_ the first terminal of a desired group of trunks in that bank so that trunk 
: hunting may be started. a 


T he process of raising the selector to the ek ‘trunk of a 
desired group is known as group selection and is controlled like- 
wise by counting relays under the control of another group of 


translator register relays in the manner Just explained for brush 
selection. 


When the selector has been raised to the first trunk of the desired group, 
trunk hunting takes place. This means that the selector brush makes a test 
on the sleeve of each trunk as it rises and every time it touches a busy trunk 
it receives energy to rise to the next trunk, until an idle trunk is found, when 
the energy to rise to the next trunk 1s not furnished, and the selector re- 
mains held up in that position by the pawl which ~ into the rack per- 
foration. 


The operation of the sender, as outlined, applies to the con- 
trol of the district selector as well as to the office selector in 
the home office. 


The same sender directs the incoming selector and the final selector in the 
distant: central office in a similar manner as above, except that the first two 
numbers dialed (the thousandths and hundredths) cause the associated 
registers in the sender to take certain settings and thereby throw in a certain. 
number of counting relays to trip a particular brush on the incoming 
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selector, and to raise the incoming selector up to a certain group of trunks, 
so that it can pick out an idle trunk to the final frame. 


The last two digits dialed (tens and units) cause the asso- 
ciated registers in the sender circuit to take certain settings 
and thereby introduce a certain number of counting relays to 
trip the desired brush on the final selector and to raise the 
selector to the particular terminal dialed. 


The last function is accomplished at two speeds; the selector is brought at 
high speed up to within 10 terminals, and then the rack is driven upward at 
low speed up to the particular terminal desired. At this instant, the count- 
ing relays cause the selector to stop. The final selector remains up in that 
position as the result of the pawl having engaged the rack. 


At this point the talking circuit for the calling party and 
the ringing circuit for the called party are completed and the 
sender is disconnected and released. 


It was mentioned above that the final selector has two up speeds. This 
is accomplished by the use of two up drive cork rolls instead of one, and a 
clutch with a third magnet. The commutator associated with the rising 
selector serves to make the transfer of the rack from the high to the low 
speed. 


Line Finder Frame.—This frame is similar to the selector 
frame described, except that there are 10 banks instead of 5 
and each bank has 40 sets of terminals instead of 100. On these 
terminals are connected the subscribers’ lines, so that a total 
of 400 telephone lines can be accommodated by each frame. 


This means that in a 10,000 line central office, there are required 25 line 
finder frames. The selectors, or line finders, on the line finder frame, are 
not under the control of any sender. 


A line finder is sent upward by a so-called start circuit which 
functions when a subscriber lifts his telephone receiver off the 
hook. 
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Fic. 7,661.—Line circuit. 
Fic. 7,662.—Part of tripping circuit. 
Fic. 7,663.—Part of line finder circuit. 
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Each bank of 40 lines is provided with a brush tripping circuit and an, 
associated trip lever horizontally installed in the bottom of the bank. . 
There are 10 brushes instead of 5 on each line finder rod, so that there isa 
brush capable of covering each entire bank. 

All the brushes in each bank rest just below the trip lever, with the result 
that should the trip lever be operated and a line finder be subsequently oper-: 
ated, the brush in that bank will be caught and tripped, and this is exactly 
what happens in actual operation. 


Provision is made that should two subscribers located in dif- 
ferent banks of the same frame raise the receivers off the hooks 
simultaneously, only one line will be taken care of at a time, 
and when this line has been connected, the second line finder » 
will start upward to connect with the second line. 

The second line finder will be unable to start until after the first line finder. 
has located the first line and has connected to it. If this feature were not 
provided, there would be two line finders started upward and two brushes 


—— be tripped on each line finder; the result would be interference in the 
lines, 


When a subscriber wishes to dial and lifts the receiver off the 
hook, a line finder on the frame upon which his line is ter- 
minated is automatically started upward and finds this line. 


The line finder is then stopped an left with its brushes connected to the 
bank terminals associated with that line. | 
The line finder i is connected'to a:link which: ‘assigns, or connects with a 


sender, so that at this stage of the call, the telephone has been connected to 
a line finder which in turn has been connected toa sender, as well as toa 


district selector. 


The operation of the line finder with the associdted simplified 
circuits is as follows: 


The calling party of fig. 7,661 lifts the receiver off the hodk, placing a 
short-circuit on the line and causing the operation of the line relay, which 
operates the A relay in the trip circuit of fig. 7,662. The A relay then oper- 
ates the TR relay and the ST relay. The TR relay closes a circuit which 
operates the brush tripping lever in the line finder bank. | 
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The ST relay closes a circuit which starts the associated line finder in its 
motion upward. After the line finder has advanced: ypward and its brush 
has been tripped, the tripping circuit is released through a segment on the 
commutator at the top of the line finder rod so that the tripping circuit may 
be used for tripping another line finder brush on another call. 


The line finder now hunts for the line which has originated the call. The 
terminal H of that line is marked with battery from the contacts of the line 
relay so that when the line finder brush reaches this terminal and :makes 
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Fics. 7,664 and 7,665 tine finder brushes stopped at calling pee terminals and seni con- 
nected. The calling telephone receives the ‘“‘dial’’ tone. 


contact with it the H relay in the line finder circuit of fig. 7,663 operates, 
causing the line finder selector to stop. The CO relay is then a and 
the line relay is released as shown in fig. 7,664. 


The line finder is then connected. by means of a link to an 1 idle ane as 
shown in fig. 7,665, and the calling subscriber receives a dial,tone which is a 


characteristic b-r-r-r- sound to indicate that the sender is ready. to receive 
the dialing. 


District Selector Frame.—This frame has its selectors con- 
nected to the line finders, and the contacts on the multiple 
banks connected to the office selector frame. 
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Fic. 7,666.—Panel dial system. Routing of a call. 


Office Selector Frame.—tThe office selector frame has its selectors connected to the 
bank contacts on the district selector frame, and its bank contacts wired to incoming 
selector frames of distant offices. : 


SEL 'b 
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Distant Central Office Incoming Selector Frame.—As previ- 
ously mentioned, the trunks outgoing from the office selector 
frame multiple banks are cabled to the distant central office 
where they are terminated to selectors on the incoming selector 
frame, as shown in fig. 7,666. 

Each incoming selector must have access to every line in 
the central office. 


Since there are 10,000 lines in the central office, and only 500 terminal sets 
available on the entire five multiple banks of the incoming frame, it is 
necessary: to introduce another selector frame before the actual subscriber 
line isreached. Thisis done by employing final frames, so that the incoming 
selector picks one of a group of trunks to certain final selectors, which in 
turn make the actual connection to the called line. 


Final Selector Frame.—FEach of the five multiple banks on 
the incoming frames are divided into four groups of 25 trunks 
each connected to final selectors on the final frame. 


There are then 20 groups of trunks on each incoming frame and since 
there are available 500 line terminals on each final frame, the capacity of the 
central office will be 10,000 lines. 


The terminals of the first group of trunks in the bottom bank, or Bank O 
of the incoming frame are connected to final selectors having access to the 
first 500 lines, or lines 0000 to 0499, the second group of terminals in the 
same bank of the incoming frame are connected to final selectors connecting 
with the next 500 lines, or lines 0500 to 0999, etc., as shown in fig. 7,666. 


Ringing.—As previously mentioned, the generator current 
used to ring the called party is furnished through the incoming 
selector. An audible ringing tone is transmitted back to the 
calling party so that he may know that the bell at the distant 
end is being rung. 


Message Registration.—Each subscriber’s line has associated 
one message register, just as in the case of the manual central 
office system. This register is connected as shown in fig. 7,661, 
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and is operated automatically two seconds after the called 
party has removed the receiver off the hook. The registers 
in a dial office are treated very much like those in a manual 
office. 


_ Disconnection.—When the conversation is finished and the 
called party hangs up, all the selectors involved in the call 
will not be released until the calling subscriber hangs up. 


Busy Back.—The final selector makes a busy test on the de- 
sired line, and if it finds the line busy the final selector, instead 
of applying the ringing current, will cause an interrupted busy 
tone to be returned to the calling party. 


The Special A Board.—In a dial central officé there is also 
an operating room with a special A-board and a ‘‘cordless’”’ B- 
board. These switchboards are manually operated and per- 
form functions somewhat different from those in a manual 
central office. 


For special reasons, some of which are commercial and some of which are 
limitations imposed by the mechanical system, it is not possible to allow a 
subscriber to automatically connect with certain distant central offices. 
The scheme then is to route his call to an operator at a special A position in 
the central office who will care for the connection desired. This is done by 
the calling party by dialing “‘O.” 


The special A. board framework is similar to that of the manual central 
office A board. Each operating position contains jacks and lamps to receive 
calls from the subscribers in the local area, and keys and dialing equipment 
to complete the calls. In addition there is in the jack panels a so-called 
checking multiple which is used by the special A operator when checking or 
verifying a particular telephone number from whence a long distance or toll 
call is being made. | 


- This checking multiple consists of groups of brass pins, one for each sub- 
scriber number in the central office, arranged in the jack panels very much 
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like the multiple jacks on the manual B board. The pins are insulated from 
each other. The special A operator when verifying the telephone number 
of a calling subscriber, who has called the operator for a toll connection and 
has declared his number to her, touches the tip of a special cord at her posi- 
tion to the pin on the checking multiple corresponding with the number of 


the calling subscriber, and if this has been given correctly the operator will 
hear a distinctive tone. 


The Cordless B Board.—The B-board of a dial central office 
-1s known as a cordless B-board, mainly because there are no 





Fic. 7,667.—Cordless B board of a panel dial central office. 


cords. This switchboard is used to complete connections for 
calls originating at manual central office areas. 


The sections are constructed as shown in fig. 7,667 with a slanting top 
upon which are mounted keys and the lamps for approximately 60 trunks 
incoming from various manual central offices. These trunks are in most 
cases operated on straight forward method. 
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Each trunk has two lamps and two keys, as follows: 


Guard lamp (Orange or White). 

Busy lamp (Green). 

Disconnect key (Red). Used only for call circuit trunks. 
Assignment key (Green). 


On each position is a set of numerical recording keys. 


In operation, when a call for a subscriber in the dial central office area: 
originates.in a manual central office district, the A operator in the manual 
central Office picks an idle truiik to the desired dial’office (straight forward 
basis), causing the orange gtiard lamp to light steadily at the cordless B 
position. The cordless B operator. thenzpresses the associated assignment 
key, causing the green lamp to be lighted and to flash and the cordless B 
operator’s telephone set to be connected to that trunk, also’dn idle sender is 
connected to the trunk and to the numerical recording keys. 


The A operator at the manual office passes the desired number to the cord- 
less B operator, over the trunk, who writes it on the nuinerical keys. The 
cordless B operator’ sg telephone set is removed from the chan and the 
orange lamp is extinguished. 


The green lamp continues to flicker until selection is nile and then 
lights steadily until that trunk is released. The numerical keys are released 
as soon as the number has been recorded in the sender. The sender in turn 
is released as soon as 1t completes its function. 


During conversation between the two subscribers the green lamp of the 
trunk remains lighted at the cordless B position. When the conversation is 
ended and the receiver is replaced on the hook and the.A operator in the dis- 
tant manual central office takes down the connection, thé switches in the dial 
central office are released and the green light disappears. The same trunk 
is now ready for another call. 


Step-by-Step Dial System.—The main difference between a 
step-by-step dial central office and a panel dial central office 
is in the design and operation of the automatic switching ap- 
paratus. In the step-by-sieb system the dial operates the selec- 
tors directly, each number dialed causing a different operation 
in the selectors and each operation occurring immediately as 
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the dial returns to its normal position, and when the last digit 
is dialed the connector actually makes connection with the tele- 
phone desired. 

In the panel dial system the dial does not operate the se- 
lectors directly. The dial pulses at each dialing operation are 
discharged into the sender, causing certain circuit conditions 





Fic. 7,668.—Step-by-step connectors mounted on switch frames. 


to be set up in the sender circuit, which control the operation 
of all the selectors. 
Theoretically, it is possible to have 10,000 lines in a step-by-step central 


Office. However, on account of several practical limitations this system is 
not employed for such cases, the panel dial type being used instead. 
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In the most up-to-date step-by-step systems there are three 
distinct types of switches. namely: 


1. Line finder; 
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Fic. 7;669.—Step-by-step connector switch. It consists of a double bank and double wipers, 
or brushes, and a mechanism whereby the shaft can be lifted and rotated step-by-step. This 


is a two digit switch. The vertical motion is controlled by the first digit dialed and the rotary 
motion by the second digit. 


Fic. 7,670.—Diagram of step-by-step connector switch simplified. At the lower end of the 
shaft are the double wipers. Further up on the shaft are vertical teeth by which the shaft 
is raised step-by-step by the magnet VM. Just below these teeth is a hub of rotary teeth by 
means of which the shaft is rotated step-by-step by the magnet RM. The coiled spring at 
the top of the shaft causes it to return to its initial rotary position when released, from whence 
it falls by gravity to its initial vertical position. 
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2. Selector; 
3. Connector. 
In the earlier systems instead of the line finder there is a line switch and 


master switch combination which will also be described in this chapter since 
many of these are still in operation. 


In describing the apparatus it will be more convenient t 
start with the connector. ) 





Fic. 7,671.—Step-by-step connector circuit. When this switch is first engaged the L relay and 
the R relay are opérated. If the subscriber dials, say for example No. 46, the L relay is 
momentarily released and re-operated four times when the digit 4 is dialed, but the R relay 
remains in its initial operated position since it is a slow releasing relay. The interruptions at 
the L relay are transferred to the S relay which operates and remains operated since it also is 
a slow releasing relay, but the vertical magnet VM, operates four times, 1n unison with the 
breaks at the Lrelay. The vertical magnet VM causes the shaft wipers to be stepped upward 
to the fourth level on the multiple banks. When the wipers reach the first level, at the end 
of the first pulse, the off-normal springs are operated and transfer the pulsing path between 
the contact of the R relay and the contact at the S relay, but since relay 5S 1s slow to release, 
it remains up until the last pulse of the digit dialed, while the magnet VM, continues to oper- 
ate and to release, thereby bringing the wipers to the fourth level. After the last pulse of the 
digit the S relay releases due to the long broken interval at the L relay contacts, and the puls- 
ing circuit is then transferred from the vertical magnet VM, to the rotary magnet RM. When 
the subscriber dials the second digit which is ‘‘6’’, the L relay pulses six times and causes the 
rotary magnet to operate and to release six times, thereby stepping the wipers around to 
terminal No. 6 on the multiple bank. In dialing the digit 4 and 6 if the finger wheel of the 
dial be held off its normal position long enough for the L and R relays to release, the con- 
nector switch will be restored to normal by the release magnet (not shown) which operates. 
when the R relay falls back and removes the double dog from the shaft, allowing the coiled 
spring at the top of the shaft to restore the shaft. 
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The Step-by-Step Connector.—In fig. 7,668 are shown several 
groups of connectors mounted on switch frames and in fig. 7,669 
is shown one such connector with the cover removed. A sim- 
plified diagram of this switch is shown in fig. 7,670. 

In order to make clear the operation of the connector a simplified dia- 


gram is shown in fig. 7,671 with the description of the pulsing circuit and 
the movement of the shaft carrying the wipers or brushes. 
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Fis. 7,672. —Diagram showing contacts of line and private banks of a 100 line system. These 
banks form a part of the connector switch. 


The connector makes a busy test in accordance with fig. 7,673. Ifthe line 
called be idle, a switching relay in the connector circuit (not shown) will 
operate when relay A falls back and connects ringing current to the line. 
When the called subscriber answers, another relay in the connector circuit 
(not shown) operates, causing the ringing current to be removed and the 
line to be connected through for talking. 


While the called party is being rung, the calling subscriber hears an aud- 
ible ringing tone as an indication. 
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The Connector Bank.—<As shown in fig. 7,669 the multiple 
‘banks are bolted to the connector by bank rods which pass 
through bank rod holes in the banks. The bank and bank rods 
can be removed as a unit by removing the nuts at the top of 
the bank rods. _ 

The upper or private bank is made up of 100 brass terminals 
arranged in an arc in ten levels of ten terminals each. 


The terminals are insulated from each other and the adjacent levels are 
separated by thick insulators. 





TO+LINE ~—o—— 


Fic. 7,673.—Busy test circuit of connector. Relay A is a slow releasing relay and has oper- 
ated in parallel with the rotary magnet RM. Relay A will remain up for a moment after the 
last rotary impulse has been received. If the called line be busy its sleeve (private) terminal 
has ground connected to it and causes relay B to operate through the private wiper and front 
contact of relay A. After relay A has released, the B relay remains locked up through its own 
contact and O.N.S. springs. Relay B also opens the circuit of the rotary magnet RM, so 
that further dialing by the subscriber will have no effect, and connects busy tone to the tip 
side of the line to advise the calling subscriber that the line desired is busy. 


The lower or line bank has 200 brass terminals. arranged in 
vertical pairs and also mounted in an arc in ten horizontal rows 
or levels of ten“pairs of terminals each. 

The upper and lower terminal of each pair are separated by an insulator 


and the adjacent levels are separated by two thicker sheets of insulating 
material. 
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The terminals of each bank and the insulating material are assembled one 
above the other and clamped into a frame by five bolts. The terminals are 
double ended, the outer end forming a soldering lug for the multiple bank 
wiring and the inner end forming a contact over which the brushes wipe. 
Fig. 7,672 is a diagram of the multiple bank contacts. 


The Step-by-Step Selector.—In fig. 7,674 are shown several 
groups of selectors and in fig. 7,675, one such switch. It will 
be seen that there is very little difference in the mechanical 
construction between this switch and the connector in fig. 7,669. 


*\ ait ee 
tg aX ay 


i) jet 
q--f ve UP og 


Fy 
Fey 


s 
¥ 
Py nf . ee or Pe eee J 
tie a 4 sf _ ~~? > ngs fy Ov ey 
si SB Sade pst aa Pry 2s See 


7 ot 
ra; a =e ASK? co : 





Fic. 7,674.—Groups of selectors mounted on switch frames. 
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__ The selector operates also in a similar manner to the connector except 
that it requires the dialing of only one digit, which raises the wipers to the 





Fic. 7 ,675.—Step-by-step selector. It consists of a multiple bank and wipers and a mechanism 
similar to the connector in fig. 7,669. This is a one digit switch. The vertical motion is con- 
trolled by the dial, and the rotary motion automatically. 


. level dialed. Then, without further dialing, the selector mechanism imme- 
diately starts the rotation and sweeps the wipers step-by-step over the row 
“of bank contacts in the process of finding an idle trunk to another group. of 
'  gelectors or to a particular group of connectors. 
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The Step-by-Step Line Finder.—In fig. 7,676 are shown sevy- 
eral groups of line finders mounted on switch frames. In con- 
struction and operation this switch 1s similar to the connector 
and selector of figs. 7,669 and 7,675, respectively, except that 
it has a vertical commutator at the side of the banks and an 


358 
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additional brush on the shaft to sweep over the contacts on the 
commutator so as to control the vertical movement of the wipe! 
shaft. The line finder does not require any dialing. It is 
self-pulsing and is started by the lifting-off of the receive: 
from the switch hook. 
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SSET = 
FIRST SELECTOR 
Fic. 7,677.—Progress of a step-by-step call in a four digit central office, using line finders. 


SUBSCRIBER 
LINE FINDER 


CONNECTOR . 


SECOND SELECTOR 


The instant the receiver is removed 
from the hook of a subscriber line con- 
nected to the multiple banks the line 
relay of the subscriber line operates and 
closes a circuit which starts the line 
finder and causes it to step its wipers up 
to a level on the banks where the line 
is located and then immediately the 
wipers are rotated and stopped at the 
contacts associated with the subscriber 
line originating the call. All this step- 
ping of the line finder wipers 1s accom- 
plished without any dialing on the part 
of the calling subscriber. 


Progress of a Call.—Fig. 7,677 
represents in a general way all the 
equipment involved in a call 
through a. step-by-step central 
office with four digit numbers. It 
will be noted that two selectors 
are required. If this were a three 
digit system only one selector 
would be necessary.. The line 
dialed is No. 8,429. 


When the receiver of the calling sub- 
scriber is removed from the hook, the 
start circuit functions to choose the next 
idle line finder. The circuit is then - 
arranged so that the shaft of the line 
finder is stepped-up until the commu- 
tator brush reaches the first segment 

_ ‘which (in this case) is grounded by the 
operation of the group start relay. No 
. further stepping takes place. 
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The stepping circuit is now transferred to the rotary magnet which 
operates and steps the brushes around until the sleeve brushes reach the 
terminal associated with the line. This terminal has had battery con- 
nected to it and causes the horizontal switching of the brushes to be ar- 
rested and the connection to be made with the calling line through the 
line finder brushes and to: an idle first selector. Dial tone is now sent 
back to the calling subscriber by. the selector. 


It must be remembered that no dialing: has been necessary 
so far. 


Next, the calling subscriber dials the No. 8. The first selector is actuated 
by eight pulses and steps the wipers to levél No. 8 where it makes connec- 
tion with the first idle trunk to a group of ten second selectors having access 
to lines 8000 to 8999. 


When the next digit (No.2) is dialed the second selector picked up is 
actuated by the two pulses and steps its wipers to the second level where 
there are trunks to a group of ten connectors having access to lines 8200: 
to 8299. 


The subscriber now dials No. 4 and the connector picked up, steps its. 
wipers to level 4 and when the next digit (No. 9) 1s dialed the connector 
mechanism rotates.the wipers around to the 9th set of terminals which is 
connected to the line desired. If the line called be not busy the connector 
places ringing current on the line. When the party answers, this ringing 

-current is tripped off and the line is cut through for conversation. When 
the parties hang up at the end of the conversation all the switches return 
to normal, the calling subscriber’s telephone, however, controls the release 
of all the switches. 


Line and Master Switches.—In many step-by-step central 
offices there is used instead of the line finder what is known as 
a line and master switch combination. 


There is a line switch connected permanently to each subscribers’ line 
in the central office. The line switches are placed on line switch frames 
in groups of 25, 50, 75 or 100 and each group controlled or guided, by a 
master switch. Fig. 7,678 represents a line switch frame with 100 line 
switches which are constructed as shown in fig. 7,680; fig. 7,682, is an 
enlarged view of the master switch and controlling details. 
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. 7,678.—100 line switch board front view. Here are shown 100 subscribers’ line switches 
mounted on a steel frame in four sections of 25. Two sections of 25 are mounted on each 
swinging shelf and each shelf of 50 is controlled by a master switch. Above the switches 
may be seen the ‘power panel and ae assembly. 


~ 1,679 .—-100 cc switch board rear view. On the rear of a line switch unit are ‘mounted 
the connectors. which.serve that 100 lines. The incoming subscriber’s lines, besides being 
connected to the line switches are also connected to the connector bank contacts. 
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Fig. 7,681 shows how the master switch bar, or. guide shaft 
engages in the slot at the tail end of the piungers of the un 
operated line switches in that group, and misses all the plunger 
of the operated line switches in the same group. 











Fic. 7, 7,680 —Line switch. It consists of a line relay and. n coil” 
and “holding coil” carrying two armatures. The larger . whick 
is pivoted so that its point may be swung by the master switch i in front of a of contacts! 
The bank consists of 10 sets of contact springs with which are associat Line 
switches are mounted in groups of 25, four groups being provided for,each 100 line unit 
One master switch may be provided for any number .of:gf dope * line a (s secur Penealn 
upon the trunking capacity desired, since each master witty controls ten trunks.,.Normally 
the plungers are at rest poised over bank contacts. When a subscribet 1 1i$ receive! 


from his telephone switch hook preparatory to making acall, a circuit iS sheveby ¢ eieced whict 
causes the plunger arm of his line switch to be at once pulled down, carrying its plunger out 
of engagement with the master shaft and thrusting it into the bank. The effect of this is tc 
connect the subscriber’s line to a trunk leading to an idle first selector switch, as shown dia- 
grammatically in the right hand portion of fig. 7 685. . The instant that one line switch thrusts 
its plunger into the bank, thus occupying the trunk over whose multiple all idle plungers have 
been poised, the master switch operates and swings the remaining idle plungers forward over 
the next multiple of bank contacts. If this trunk should be busy, the movement proceeds 
until an idle trunk is found. It is to be noted that a line switch always uses a pre-selected idle 
trunk instead of making a selection after a subscriber starts to call. 
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Fic. 7,681.—Diagram of line switch and connections. The switch consists of a magnet M, 
and plunger P, whose head or wing is slotted so that it may engage a projecting edge of the 
shaft. The shaft is pivoted at A and B, and is capable of a rotary motion of about 40 degrees 
under control of a master switch MS. The rotary motion causes the plungers of the various 
line switches to oscillate in front of the terminal of the trunks to the selector switches. 
Under control of the master switch the shaft comes to rest only opposite an idle trunk. — If 
the shaft be holding all the plungers opposite, say the second trunk, and a subscriber re- 
move his receiver, the corresponding plunger will plunge in and extend the connection to 
the selector associated with trunk number two. The plunger when plunged in is now free 
of the shaft as shown at C. The master switch, by means of the shaft moves the remaining 
plungers opposite an idle trunk, giving what is called pre-selection of trunks. When the sub- 
scriber who plunged in on trunk: Ne:2; hangs-up his receiver, his-plunger will-come out of 
the bank but the slot in the wing of the plunger will not engage the shaft at this time. Hence 
this plunger will remain opposite trunk No. 2, until the shaft again swings in front of this 
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‘1G. 7,683.—Line and master switch circuit. When the receiver (not shown) is taken off the 
hook the LR relay operates which in turn energizes the 45 ohm winding (P.D.C.) of the 
plunger relay and causes the plunger to be squeezed into the contacts of the line switch bank, 
thereby connecting the telephone with an idle trunk, or idle selector, as shown in fig. 7,685.. 
The selector circuit then furnishes ground over the RLSE TRK lead which energizes the 
1,2000hm winding (BCD) of the plunger relay to lock the plunger in the operated position since: 
the original operating path through the relay LR was broken upon the operation of the 
plunger. Ground is also sent to the master switch wiper, through line switch bank contacts. 
3 and 7, which causes the operation of the starting relay. The starting relay in turn operates. 
the lock magnet relay which disengages the lock lever from the locking segment associated. 
with the master switch and allows the guide shaft which is controlled by the U spring under 
tension, to rotate one notch so as to move the line switch plungers from right to left. The 
master switch wiper remains grounded while the associated trunk is busy, therefore, the 
starting relay does not release until the wiper by rotating has found a contact associated with 
an idle trunk. When an idle trunk is found the starting relay and the lock magnet relay re- 
lease. This allows an idle line switch in the same group to operate. Each time that the lock 
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Line switches 1, 2, and 4, are shown unoperated, and line switch No. 3 
is shown operated or plunged. The guide shaft in turn is attached toa 
lever which is fastened to the master switch locking segment A or at B. 
The latter is notched ten times at the circumference and a locking arm is 
pressed into the notches (one notch at.a time). 


The locking segment can be moved by a U spring, provided the locking 
arm is moved away from ‘the notch of the locking segment, which is the 
case when the master switch is operated; or to be more specific, when the: 
locking magnet is operated immediately after the plunging of a line switch. 
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re 7,684 and 7,685.—Master switch mechanism of line switch and diagram of trunks to first 
selectors. In the line switch, the notchin the head of each plunger meshes witha rocking bar or 
‘guide shaft’’ asit iscalled. A step by step device called a master switch (seen in the upper 
part of the figure) isconnected toeach pair or to each four guide shafts and by means of them 
can swing the plungers back and forth, step by step over the banks of contact springs. The 
plungers are normally held in position by the master bar, which carries a feather fitted into 
the slots at the rear of the plunger. When the line switch operates, the plunger point is thrust 
into the bank, connecting the line to the selector trunk, and at the same time disengaging 
itself from the master bar. The master switch is now automatically unlocked and begins 
to move under the action of the curved spring until an idle trunk is reached. When the 
master switch reaches the end of its stroke, the solenoid is energized and this pulls the shaft 
back in the opposite direction against the action of the spring. 


Fic. 7,683.—Text continued. 3 


magnet relay operates, the master switch shaft is rotated by the U spring so as to move the 
line switch plungers from right to left until trunk No. 10 is reached when a circuit is closed 
through the finger springs (by means of the finger on the segment) which energizes the sole- 
noid and allows the solenoid plunger to move the master switch shaft in a direction against the 
spring tension to give this spring energy for another cycle. This operation is repeated. 
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Because of the mechanical arrangement in the master switch, the 
locking segment moves only one tenth of its full travel or one notch at a 
time, which corresponds to one trunk when the position of the line plungers 
in the line switch bank is considered. When the locking segment has 
moved from position 1 to 10, in steps as outlined above, a circuit is closed 
which sends electric current into the solenoid, which pulls its plunger. 
‘The latter, in moving, puts more tension on the U spring by bringing its 
two ends closer together. 


This tension 1s utilized in moving the locking segment from position No. 
10 to the starting position No, 1 and then in succession to position No. 10 
again, as outlined above. The speed of the locking segment is controlled 
by a small governor and a system of gears. 


Operation of Line and Master Switch.—Fig. 7,683 outlines 
in detail the circuit operation of the line and master switch 
' combination. The line switch bank has connected to it trunks 
' leading to first selectors, as shown in fig. 7,684. | 


When the line switch plunger has operated, the calling subscriber is 
connected to an idle first selector which sends back dial tone to indicate 
that the switches are ready for the dialing operation. From this point on 
the circuits and the equipment function as outlinéd in fig. 7,677. 


Dial Private Branch Exchanges.—The dial private branch 

' exchanges employ step-by-step type switching apparatus, and 

are designed to meet the same service requirements as manual 
private branch exchanges. 


A great many of these P. B. X.’s have a manually operated switch- 
board used for central office connections and certain classes of tie lines to 
other P. B. X.’s. 


When a manually operated switchboard is used with the step-by-step 
switching apparatus the system is known as a semi-mechanical P. B. X. 


The P. B. X. systems are further classified according to the line capacity 
and the arrangement of selectors and connectors as follows: 


1. Two digit system.—100 line capacity; 

2. Combined two and three digit system.—200 line capacity; 
3. Three digit system.—1000 line capacity; 

4. Combined three and four digit system.—over 1000 lines. 
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Each semi-mechanical P. B. X. consists of: 


1. A manual switchboard similar to the one 1n fig. 7,570; 

2. Line switch frames with line and master switches, similar to the one 
shown in fig. 7,678 with connectors as in fig. 7,679 on the rear side; 

3. A selector frame with selectors of the same construction as the one: 
shown in fig. 7,675 (when required); 

4, Relay racks with relays for central office trunks, tie lines, attendant 
trunks, etc.; 

5. Main distributing frame for terminating the central office feeder 
cables, house cables, extension lines and trunks; 
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Fic. 7,686.—Typical floor plan of three digit step-by»step Private Branch Exchange. 


6. A power plant consisting of a storage battery, a power board with 
controlling equipment and meters, a ringing machine and a charging 
machine; 

7. Station equipment comprising the telephone instruments with dials 
and bells. 


The apparatus is installed in the subscriber’s premises in 
regular order, similar to fig. 7,686. 

In the latest development of step-by-step P. B. X.’s the line 
finder has replaced the line and master switch combination as 
in the case of the step-by-step central office. 
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In operation:—Calls from extension to extension are handled with the 
.; step-by-step switching apparatus by dialing the proper number. 


Calls from the cen- =sBBERS>EBEBH may be routed to the 
Or 02 03 04 65 06 OF 08 09 00 : 
alofiiceintotheP.B. =====2=2=2=2= = Mocal P.B. K. oper- 
. are routed to the DM VRUBSAUNR*®2 ator who then com- 


janual switchboard 8 82 85 & 85 8 87 8 89 8 hletes the connec- 


hd are completed to 7 72 73 74 75 % 77 78 79 70 tions. 


‘ae extensions by the =~sSA aera Aan 
‘erators. Calls from ==a=>ta=SSa=zatza= 
ge extensions out to —~—- => —-—-—-—-==-= 


ne central office may “4! 42 42-4449 46 47 46 49 40 


e dialed direct or they (3! 32 55—3q4 35-30-37 38 39 30 
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‘Fic. 7,687.—Diagram of line bank contacts, associated with each connector and numbering 
system of the telephone lines of which they are the terminals. The number of any set of 
terminals can be determined by noting the number of vertical and sidewise steps the wipers 
must be given to reach that set, remembering that ten steps are always represented by zero. 
Thus six vertical steps and ten rotary steps would cause the wipers to reach contact No. 60. 


In the case of a small two digit system there are no selectors, 
the dialed connections being cared for by a so-called selector- 
‘connector, which 1s similar in construction to the connector and 
:does the work of both the selector and the connector. 

The selector-connectors are wired either to line finder or 
-Idine and master switches. 

The banks of the selector-connectors are wired to the exten- 
' sion telephones as shown in fig. 7,687, except that the top level 
» or terminals 00 to 09 inclusive are wired to attendant trunks 
to the local P. B. X. switchboard. To dial the switchboard 
it is only necessary to dial “O,” and to connect with an ex- 
tension, two digits must be dialed. 
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NOTE.—In a com- SELECTOR — _ CONNECTORS 
bined three and fourdigit OQ= =—= === TTD DPl TS - aaa aR 
system, or a four digit . 00 | WIPERS a 
system, a second selector Oo— Soe. es: ons ae, Ge aes, Ca ae ee ; 








is introduced between ba pee ees ein, ue, Gees ees es, Sa ee 
the first selector and the 8 meee eee 











connector for the four ow. —  - oo ce ce ee eee ee ee .2NO HUNDRED 
digit line groups, aS was C — eee a ee =” —$$ 
explained in fig. 7,677. 6 ee, eee te set cas “eee a eae fetes eceee ee 

The first selectors may “= —-rmrrewwere rere una CONNECTORS 

be either connected to 5 meee ei 





line and master switches 
or to line finders as in 4. 
fig. 7,677. 





WIPERS 


SS 
TO TELEPHONE Fic. 7,688.—Diagram of a 200 line office in its simplest form. Lifting the receiver of the tele- 
ee phone connects the calling subscriber with an idle selector. The numbering of the telephones 


WIPERS in this office is from 200 to 300 inclusive since the second and third levels of the selectors 

are used. Dialing the first figure (a 2 or 3) steps the selector up to the second or third level 

and thereby chooses the 200 or 300 group of lines. Immediately the vertical motion of the selector shaft is complete, the shaft 

and wipers automatically rotate to select an idle connector serving that 100 line group. This action is independent of the calling 
device. The last two figures dialed cause the connector to pick out the desired line. 


In a three digit system a selector and a connector is used for each connection. 
The selectors may be wired either to line finders or to line and master switches. 


The selectors and the connectors are wired as shown in fig. 7,688. To make connection with any 
extension it is necessary to dial three digits, and to reach the local P. B, X. ee it is necessary 
to dial “OQ.” > 
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TEST QUESTIONS 


Panel System 


. From what does the panel dial system derive its name? 


. What is the difference between the panel dial system 


and the step-by-step dial system? 


. How is the selection of a particular brush made? — 


. What is the function of the commutator on a selector 


rod? 


. What is the duty of the sender’’? 


. Name the selectors controlled by dialing the central : 


office code. 


. What is a call indicator position’ ? 


8. Describe the cordless B-board and explain its function. 


9. In the automatic setting up of a complete connection, 


10. 
11. 
1 7s 


13. 
14. 


15. 


what selectors are involved? 
When is the sender released from the call? 
Explain the operation of a line finder? 


What would happen if two line finders were started 
simultaneously? 


What circuit receives and stores the dial impulses? 


How many final selector frames are required in a 
central office of 6,000 lines? 


How many line finder frames are required? 
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10. 


11. 
12. 
13. 
14. 


. What is the function of a line switch? 
. What is the function of a line finder? ; } 
. What is the duty of the master switch? 4 
. Compare a line finder and a selector. 
. Where is terminal 35 located on the connector bank? 
. What causes a line switch to plunge? 

. When a subscriber lifts the receiver off the hook and 


TEST QUESTIONS 


‘ 


Step-by-step System 


. Describe the step-by-step action of a selector. a 
. What is the main difference between the connector anc 


the selector? i 


operates the line switch, and is connected to a se- 
lector, what may cause the line switch to release and 
to plunge again in rapid succession? 


Explain what apparatus operates and is tied up as a 
result of the receiver being accidentally knocked off 


the hook. 
What switch furnishes the talking battery? 
What switch furnishes the dial tone? 
What switch applies the ringing current to the line? 


Name the apparatus involved and describe the cper- 
ation when a complete connection is set up: 
a. Ina2 digit system. 
b. Ina3 digit system. 
c. Ina4d digit system. 
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CHAPTER 189 


The Telegraph 


The telegraph 1s an electrical apparatus for transmitting mes- 
sages between distant points. 





The simplest form of telegraph consists of 


1. Key or transmitting instrument. 
2. Line wire. 


3. Sounder or receiver. 


4. Battery or other source of electricity. 


Classification.—The telegraph, like other inventions, has 
been considerably developed, resulting 1n numerous systems. 
A classification of these various systems, to be comprehensive, 
must be made from several points of view, as with respect to: 


1. The kind of circuit, as 


a. Ground return; 
b. Metallic. 


2. The method of operating the circuit, as 


a. Closed; 
b. Open. 
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3. The transmitting capacity. 


a. Single Morse line; 


b. Diplex. 
single current or differential; 
double current; 
polar; 
bridge; 
C. Duplex high pressure ‘‘leak’’; 


high efficiency; 

city line; 

short line. 
gravity battery; 
Jones; 
Field; 

: Davis-Eaves or Postal squad; 
d. Quadruplex. < single dynamo; 

metallic circuit; 
Gerritt Smith; 
Western Union; 
British post office. 
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Fic. 7,689.—Elementary key. In actual construction the switch is attached to the base, but 
is here shown separately, in order that the connections may be more plainly seen. 


e. Multiplex { synchronous. 
f, Phantoplex. 


4. The method of receiving, as 


a. Non-recording 


by perforations; 


b. Recording by printing. 
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Fic. 7,692.—Fry open circuit key. J? has a circuit closer which must be worked like an or- 
dinary key. With circuit closer in closed position, the battery cannot be put to line or 
short circuited by pressing down on key lever, hence leaving a book or other heavy object 
on key does not waste the battery, but the relay is always in circuit ready to receive signals. 





Fic. 7,693.—Bunnell open circuit key. When it is preferable to use dry cells instead of closed 
circuit cells this type of key is recommended. Even though a closed circuit be maintained 
for communication in either direction no current is being used except when key is depressed. 
Each individual station supplies its own current. 








Fic. 7,694.—Bunnell double speed key. It requires only one-half the motions of 
the ordinary key, and these are made by a sidewise rocking motion of the hand, 
easily acquired, which guarantees that operators will not be affected with cramp, 
and those who are so affected will soon recover their speed. 


Fic. 7,695.—Bunnell vibroplex key. 
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Key or Transmitting Instrument.—As shown in Fig. 7,689, 
a key.consists essentially of @ pivoted lever provided with a contact 
and adjusting screw, and carried on a base having an insulated 
contact and a spring to keep the lever normally in the open position. 
A switch is provided to close the circuit when the key is not 
in use. 

In operating the key, its operating disc 1s grasped by the lst, 
2nd, and 3rd fingers; depressing the disc causes the two contacts 
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Fic. 7,696.—Elementary sounder showing essential parts. 


to touch, thus closing the line circuit. When the operator ceases 
pressing on the disc, the spring forces the contacts apart and 
breaks the circuit. Closing the circuit for a short period cor- 
responds to a “‘dot’”’ and for a longer period, toa dash. The 
periods in which the circuit is closed are indicated audibly by a 
““sounder.”’ 

Figs. 7,690 to 7,695 show the actual construction and 
appearance of modern keys now 1n use. 
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Fic. 7 ,697.—Bunnell aluminum lever giant sounder. Sounders wound to 4 ohms can be used 
on lines up to }4 mile in length; while 20 ohm sounders will operate on main lines up to 
15 miles in length, without using a relay. 


Fic. 7 1698 .—Bunnell 1892 giant sounder with aluminum or brass lever.. 


=< 





Fic. 7,699.—Ghegan alternating current sounder. Jt can be used on any 110 volt, 60 cycle 
a.c.’circuit, the method of connecting depending on the resistance of the winding used. 
Wound with high resistance for 110 volt, 60 cycle circuit through a condenser of one-half 
m.f. capacity, which is connected in series with the sounder. By giving the lever plenty 
of play between stops the sounder may be connected direct to the 110 volt, 60 cycle circuit. 
However; the series condenser is recommended as the lever play may be adjusted to suit 
and the current consumption is reduced to about ten milli-amperes on closed circuit. The 
low resistance type is to be used in the secondary of a small socket transformer, as shown 
in its blue print. 
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Sounder.—The essential elements of a sounder or receiving 
instrument are shown in fig. 7,696. As here shown, a heavy 
pivoted lever is arranged to tibrate between two stops and held 
normally against one of these stops by the action of a spring, there 
being an electro-magnet which when energized acts on an armature 
attached to the lever causing the latter to move from the upper stop 
to the lower stop. 

The popular name sounder is given to the receiving instrument because 
in operation the lever is forced against the stops with considerable rapidity, 


and the blows thus produced, owing to the heavy construction of the lever, 
are distinctly audible. 
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Fic. 7,700.—Elementary diagram showing a simple short line closed circuit system. It is 
called a closed system from the fact that the circuit is normally closed with current on the 
line, that is to say, when not in operation the switches are closed and current flows which 
energizes the magnets and holds the instrument armatures in the down position. This 
necessitates the use of a closed circuit cell as for example the crow foot gravity type which 
is capable of supplying a very weak current for a long duration of time. 


Simple Short Line Circuit.—The essential apparatus required 
for transmitting messages a short distance consists of 


1. Key. 2. Sounder. 3. Battery 


at each station and may be connected up to operate on either 
1. Closed circuit, or 2. Open circuit. 


The closed circuit arrangement is shown in fig. 7,700. 


NOTE.—An advantage of the open circuit system is that when not in use, the battery is 
not required to supply current to the line; another advantage is that the resistance of the 
sounder (or relay) is not always in the circuit, since the closing of a key cuts out the relay. 
On relay lines local sounders or registers are provided. In some cases a “‘telltale’’ galvanometer 
is placed in the main line at each station to indicate to the operator the condition of his trans- 
mitted signals, etc. 
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It is so called because both switches are kept closed except during oper- 
ation, when the sender’s switch remains closed. It would naturally be sup- 
posed that keeping the circuit closed for long intervals would exhaust the 
battery, but it does not because owing to the high resistance of the magnet 
on the sounder, very little current flows; moreover a battery designed for 
closed circuit is used. 


The open circuit system 1s shown in fig. 7,701. 


In this arrangement the only instruments necessary are a key with in- 
sulated contacts, a sounder, and cell at each station. Cne insulated: con- 
tact of each key is connected to the cell, and the other insulated contact 
is connected in series with the sounder and the latter grounded as shown. 
The base of each key is connected to the line. 


STATION _.INSULATED CONTACTS — 





Fic. 7,701 companies diagram showing a simple short line open circuit system. In Europe 
this system is in general use; it consists essentially of so arranging the apparatus that the 
battery shall only be placed on the line when a message is being transmitted. A main bat- 
tery is necessary at each station, whereas in the closed system, employed in America, main 
batteries are required only at the terminal stations. 


In operation only the battery at the sending station is available, hence 
twice the battery capacity 1s required as compared with the closed circuit 
system. Ordinary keys may be used by insulating the back contact of each.. 


Relay.—In general, a relay is a device which opens or closes an 
auxiliary circuit under predetermined electrical conditions in the 
main circuit. 

The object of a relay is to act as a sort of electrical multi- 
plier, that is to say, zt enables a comparatively weak curreni to 
bring into operation a much stronger current. 

In so doing it reduces considerably the battery capacity 
required for a line of given length. 
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Thus, for a given battery capacity messages can be sent over a much 
longer line by the aid of a relay; that is, when relays are used, a very weak 
current will suffice for the main line, since the moving parts of these instru- 
ments are very light they require very little energy for operation. The relay 
controls a comparatively strong local current to operate the sounder. 


The essential parts of a relay, as shown in fig. 7,702 are 
1. An electro-magnet. 


Energized by the main circuit current. 
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Fic. 7,702.—Elementary relay showing magnet, insulated armature contacts, insulated stop, 
armature spring, main and auxiliary circuit connections. The function of a relay ts to open 
or close an auxiliary current under predetermined electrical conditions tn the main circutt, 
so that @ comparatively weak current may bring into operation a much stronger current to 
effect a saving in battery capacity. Note the delicate armature construction as compared 
with the sounder, thus requiring very little energy to operate. A relay is virtually a very deli- 
cate sounder with a contact maker at the end of the armature lever. 


2. An insulated armature. 


Very light in construction and pivoted so as to vibrate between a contact 
and an insulated stop as shown. 
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3. An adjustable spring. 


| Designed to hold armature against stop when not attracted by the mag- 
« Net. 





. (Fic. 7,703.—So called ‘‘Wheatstone” or British Post Office polar relay. Wound with either 
two or four windings according to requirements. The two winding form consists of two 
coils differentially connected in the same manner as the main coils of the four winding type. 
In the four winding instruments the first set of coils is called the main winding and the 
second set is called the accelerating and opposing coils respectively. The main winding 
consists of two coils each having the same electrical characteristics. Each coil terminates 
at the binding posts with the letters (U),(D), and U,D. If a jumper be connected from U 
to (D) and a positive current applied to (U) with its corresponding negative to D the tongue 
T, or commonly called the armature, will move sharply to contact stop M or marker and 
if the current be reversed it will move to contact stop S or spacer. Similarly in the four 
winding type when the opposing coil terminating at OO, and the accelerating coil AA, 
are connected in series, the same effect will be produced. The normal operating current 
through the main windings when connected in series is 5 milli-amperes and the minimum 
operating current is .5 milli-amperes. This instrument is especially useful on high speed 
automatic telegraph circuits, repeater sets, and on key worked duplex or quadruplex Cir- 
cuits having small operating margins. 


‘Fic. 7,704.—Bunnell balanced double relay. It consists of two relays connected in series on the 
same base, having opposite contacts, which may be connected in series or parallel for the 
purpose of opening or closing a second circuit when the first or main circuit through the 
relays is varied or broken. As the local contacts are oppositely arranged, that is to break 
or make circuit under opposing conditions, one making contact on front and the other 
being properly adjusted, an increase or decrease in the relay circuit will cause ohe or the 
other armature to move, thus opening or closing the local or second circuit. This prevents 
the possibility of alarm being made inoperative by grounding or opening or by increasing 
or decreasing the current in the circuit. 
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4. Magnet leads. 


Connecting the magnet winding to the main circuit. 


5. Insulated armature leads. | 


Connecting the insulated armature and contact post with the auxiliary 
circuit. 


| 
| 


Medium Distance Line with Relays.—When the length of 
line becomes too great to operate sounders without unduly large 
battery capacity the arrangement shown in fig. 7,705 is used. 
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Fic. 7,705.—Elementary short line with relays, showing the main circuit and the auxiliary 
circuit at each station. The relay, as stated in the text acis as a sort of multiplier, that 
is to say, tt enables the comparatively weak current of the main circuit to bring into op- 
eration the much stronger current of the auxiliary circuit to operate the sounder. On 
lines of moderate or long distance, as can readily be seen, a considerable saving in battery 
Capacity is effected, by localizing the strong current necessary to operate the sounder, it 


| — understood that considerably more energy is required to operate a sounder than a 
relay. 
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Fic. 7,706.—Smith three coil neutral relay—specially adapted to quadruplex wor 


Fic. 7,707.—Bunnell single spool concentric magnet pony relay with adjustable magnet. 
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It consists of one main cireuit and an auxiliary circuit at each station. 

’ The main circuit includes the relays, keys, and main cells all connected in 

:2 Series with ground return. The auxiliary circuit at each station 1s made up 

1: of a sounder and local cell joined in series and connected with the auxiliary 
1} Circuit of the relay as shown. 


‘ When not in operation both switches are closed; this 
‘mergizes the relay magnets and keeps the auxiliary circuits 
:‘losed by holding the relay contacts together. 





it1c. 7,708.—Bunnell break in relay for rapid handling of traffic working through static, cut- 

i} ting interference to a minimum. You hear what is going on while you are actually trans- 
‘i mitting. The receiving operator can stop you at any time by holding his key down for a 
“2 second and giving you the signal BK. You hear his dash and signal between your own 
ty dots and dashes. Jt operates on 6 volt d.c. and has no external resistance unit. Either a 

“lL Morse Key, Bug, or Cootie key is used to operate the relay which in turn operates the 
{+ transmitter. 


In operation, the sender opens his switch and with the key 
sends the message by successively making and breaking the 
‘main circuit in proper sequence. 


This causes ‘the relay armature to move back and forth against the con- 
tact and stop, thus making and breaking the auxiliary circuit in synchro- 
nism with the movements of the key. In this way, the very weak main cur- 
rent is enabled to bring into action the much stronger current of the auxiliary 
or local circuit, thus, the movements of the delicate relay armature are re- 
produced by the heavy armature of the sounder. 
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The system shown in fig. 7,705 is suitable for lines not exceed 
ing about 500 miles. 


Repeaters.— When the length of a telegraphic circuit exceed). 
a certain limit, dependent upon the ratia of its insulation to it 
conductivity resistance, the working margin becomes so s 
that satisfactory signals cannot be transmitted even by the aid 
of increased battery capacity. This limit under existing con) 
ditions is much less 1 in wet weather than in dry weather. 
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Fic. 7,709.—Elementary repeater showing the insulated parts essential for the contact maker 
and path of the current through the repeater portion of the instrument. The —— 
stop on the upper arm of the contact post is shown in sectional view to clearly indicate tel 
insulation at this point. Compare this instrument with the elementary sounder fig. 7,696) 
and note the essential points of difference. 


: 





There is no difficulty in directly operating a telegraph of three hundred! 
miles or less, if the line be fairly well insulated and there are not too many 
offices connected in the circuit. The difficulty arising from the number of 
offices usually settles itself, since the traffic cannot be handled without great 
delay when the number of offices is too great, and accordingly, it becomes 

‘necessary to employ more wire and divide the offices among them. When, 
however, the length of a single line increases, the difficulties with /eakage 
and retardation increase, until the speed and certainty of signaling are 
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largely reduced. Under such conditions it was formerly necessary to retrans- 
mit all communications at some intermediate station, but this duty is now 
performed by an instrument called a repeater, 


By definition a repeater is a sounder provided with a circuit 
: maker for synchronously controlling a second circuit. 


That is to say, it is simply a piece of apparatus in. which the sounder (or 
in some cases the relay), receiving the signals through one circuit, opens and 
closes the circuit of another line, in the manner that a relay opens and closes 
the auxiliary circuit of a sounder. 


——— ae ae 


Sen | 





Fics. 7,710 and 7,711.—Weiny-Phillips automatic repeater set consisting of transmitter fig. 
7,710 and relay, fig. 7,711. The third spool of the relay is differentially wound, so that 
normally the windings neutralize each other and no magnetism 1s developed in this spool. 
One of the coils of the differential spool is in circuit with the front contact of the trans- 
mitter of opposite side, so that the instant the transmitter circuit is broken the corresponding 
coil of the differentially wound spool is opened, thereby permitting the second coil to act 
and hold the relay armature closed. The differential magnet being energized by the break- 
ing instead of the closing of the auxiliary circuits enables this repeater to act quickly, and 
thereby very materially increases its capacity for rapid signaling. 


A repeater as shown in fig. 7,709 consists essentially of @ 
sounder of the same construction as in fig. 7,696, with the exception 
that the contact post is insulated and 1s provided with an insulated 
stop. This device forms a contact maker for the repeating section 
of the circuit. 


As indicated by the dotted line and arrows, the path of this circuit is 
(when closed) through contact post, contacts, contact maker lever, pivot, 
standard, and out through base. 
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‘1G. 7,712.—Elementary repeaters as connected in a circuit. In opera tion, if the home station or beginning of section A line send 
a message, the movements of the relay at station A will cause similar movements of the repeater, this in turn is repeated at 
station B, and all other stations on the line. 





GROUND GROUND 





Long Distance Repeater Line.—To illustrate how repeaters are used on long distance 
ines a section of such lines showing two repeater stations is shown in fig. 7,712. 


The figure illustrates how the elementary repeater shown in fig. 7,709 is connected in the circuit. 


As shown, the line is divided into a number of sections, A, B, C, etc., depending upon its length, 
there being a repeater station joming each section to the preceding one. 


The end of section A is connected to the relay main circuit, and the auxiliary circuit to the electro- 
magnet of the repeater. 


There is a ground return on main circuit, and metallic return on auxiliary circuit, one or more cells 
being included in each of these circuits as shown. 





8LL'¥ 


yudeisajay, aul, 


The Telegraph _ 4,779 








The contact maker circuit of the repeater (which corresponds to the auxil- 
jary circuit of the relay) is connected to section B and ground. 


At the end of section B is another repeater station identical with the one 
just described, and from which section C begins, the number of repeater 
stations depending on the total length of the line. 


An objection to the arrangement shown in fig. 7,712 is that 
4t will only work in one direction. This was overcome originally 
‘ by the button type repeater, and though obsolete now will be 
* described to explain in a very simple way repeater operation. 
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Fic. 7,713.—Diagram showing essentials of the so called button repeater, consisting of two 
relays, two simple repeaters, a button switch and connections as shown. 


The principle of operation of the button repeater is that the 
line circuit 1s extended by making the receiving instrument at the 
distant terminal of one circuit do the work of the transmitting key 
of the next circuit, by opening and closing the latter. 


The button repeater comprises two relays and two simple repeaters, a 
“button”? switch, and connections as shown in fig. 7,713. For its operation, 
two local and two main sources of current supply are required. 


The button switch provides means for cutting out or closing the circuit 
around the breaking points of each sounder, otherwise the apparatus would 
remain unopened. 
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In the operation of the button repeater if, say, section B, line be opened 
by the key of the operator, the armature of section B relay will open, which 
in turn opens section B repeater, whose circuit breaker breaks the circuit 
of section A. This causes the armature of section A, relay to open, followed 
by that of section A repeater, the circuit breaker of the latter also breaking 
the circuit of section A. The operator of section B line cannot now clo 
the circuit, because it is still open in another place, viz., at the circuit 
breaker of section A repeater. The button switch eliminates this difficulty, 
for when it is swung to the left, 1t closes a spring contact Ca, forming a con- 
nection between the circuit breaker of section A repeater, enabling the 
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Fic. 7,714.—Miuilliken repeater system. The relays Ra and Ré are provided with additional 


or extra magnets 7a and 7b, whose levers press against the main levers in such a manner 
that when the working current is cut off the working winding, the spring of the extra magnet 
closes the local contact against the tension of 1ts spring, so that 1n order that the relay open 
its local circuit at the local contact, it is necessary that the current be cut off its main line 
circuit and the current be passing through the local circuit of the extra magnet. The re- 
peaters are provided with two contacts, one, for the local circuit of the opposite extra mag- 
net, and the other, for the closing of the opposite main line circuit. When one of these 1e- 
peaters opens, its local contact 1s always broken very shortly b fore the main line contact 
is broken, while in closing, the opposite takes place. If section A operator be sending to 
section B, the incoming signals. will be repeated by the tongue of relay Ra. This operates 
repeater Pa, which in its turn repeats the signals into section B. The repetition of these 
outgoing signals in the relay Ra, would cause the circuit on the incoming side to open at 
its Jocal contact, if the extra magnet 75 were not coincidently demagnetized by the action 
of the repeater Pa opening the circuit. Accordingly, the outgoing signals cannot disturb 
the line on the incoming side. 
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‘t{-operator of section B to open.and close its circuit, at pleasure, while his 
uf signals are repeated into section A by the action of the circuit breaker of 
‘at section A repeater. 
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1G. 7,715.—Diagram of Toye “repeater”? or transmitter system, used extensively in the 
United States and Canada. It comprises two relays, twe transmitters with tongue contact 
: breakers, two rheostats and connection as shown. In operation, if section B send or open 
his key, the armature of relay Ra will open as shown, thus opening transmitter Ta lever, 
which causes contacts 2 and 1 to close and 4 and 3 to open. This change opens section A 
line, and puts in circuit with relay Rg, section A battery and rheostat RHg, the resistance 
of the rheostat being adjusted so that it equals the resistance of section A line. Since this 
transposition of circuit maintains the current passing through relay Rp at the same strength 
as before the change of circuit was made, that relay remains closed and likewise also trans- | 
mitter Tp, thus preserving the continuity of the line while a communication is being sent 
from section B to section A. Since repeater Ta connects and cuts out section A battery 
from section A line in response to the operation of relay Ra, relay Rog is prevented opening 
because section A battery when not in contact with the A line, is given a path to earth 
through the rheostat RHa by way of contacts 1 and 2 of transmitter Ta, thus holding relay 
Rp closed until section A operator desires to “‘break’’ or begins sending to section B. In 
sending from section A to section B a process the reverse of the foregoing holds. 


& 





NOTE.—A disadvantage of the system shown in fig. 7,715 is the excessive consumption 
} of current, moreover the adjustment of the artificial resistance must be varied to equal that 
') of the line or lines connected through the transmitters, in order to have equal magnetic pull 
! on the relay armatures whether the relay be in circuit with the artificial line or the main line. 
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The button repeater is called a manual repeater as distin | 
guished from the automatic type. 


The objectionable feature of the button repeater is that it requires th: 
constant attendance of an operator to change the position of the butto 
switch in accordance with the direction in which the message is passing, an| 
consequently has been displaced by the automatic type. | 


The Automatic Repeater.—One of the simplest repeate/ 
systems for single telegraph working is shown in fig. 7,717. 
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Fic. 7,716.—Diagram of the Postal telegraph repeater system. The Postal direct point duplex 


repeater is an arrangement by which the respective armature levers of two polar relays at 
the repeater office connect the positive and negative main battery currents direct to the 
line wires. Its principle is represented diagrammatically in the figure. The armatures off 
both polar relays are closed when a distant office closes the key, as shown in the diagram. 
This results in placing the duplex negative battery in contact with the other line. As the! 
current passes through the coils differentially, the armature of the open line will not bei 
affected by the impulse thereof. When the closed key is opened the positive battery isi 
presented to the line. 


This repeater consists of @ transmitter having a second lever 
placed above the regular armature lever in such a position that one 
electro-magnet 1s employed to work both. 


There are three distinct pairs of circuits: 
1. Main. 2. Local. 3. Shunt. 
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In the operation of this repeater (shown in fig. 7,717) when a 
y on the western circuit is opened the instruments assume the 
(sitions shown in the diagram. 


The armature of relay R’, first falls back and opens the local circuit of 
‘transmitter T!, which in turn opens the eastern circuit s! r', thus causing 
[the armature of relay R to fall back. 


This falling back of the armature of relay R, however, does not affect the 
‘local circuit of transmitter T, because before the eastern circuit was broken 
jat st r!, the shunt around the local contacts of relay R was closed at M! O!. 


west | . EAST 





! : DIAGRAM OF 
| Eine GHEGAN ue £ 
3 eo AUTOMATIC TELEGRAPH REPEATER. le 


¥1G. 7,717.—Diagram of Ghegan automatic repeater. Its principle of operation is pased upon 
t the fact that an armature, on being drawn toward a magnet becomes itself magnetic by 
{ induction, and that the closer it approaches the magnet core, the stronger the magnetism 
{ becomes. The circuits and operation are further explained in the accompanying text. 


On closing the western key, the armature of relay R! closes the local circuit 
of transmitter T!, which in turn first closes the eastern circuit at s! r!, and, 
as already explained, after sufficient time has elapsed to permit the arma- 
ture of relay R to reach its front stop, opens the shunt circuit of transmitter 
T at M! O!. 


Should east “‘break’’ when west is sending, the armature of relay R 
would remain on its back stop, thus breaking the local circuit of transmitter 
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T, on the first downward stroke of the superposed armature of transmitti 
T!, and so break the western circuit at sr. 


There being no extra weight or attachment of any kind to, either, tk 
relay or transmitter armatures, the quickest possible action can be obtaine : 
with this repeater. As both relay armatures work in unison, it ca 
always be seen at a glance if the signals are being properly repeated. 


The transmitters are provided with switches for working the lines iy 
dependently or putting them together at will. 
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Fic. 7,718.—Ghegan automatic repeater. The second armature spring is adjusted so that 
on closing the local circuit of the transmitter, the regular armature must reach its front 
stop before the magnetism induced in it is sufficiently strong to draw the second armature 
from its back stop. The object of this is to allow a sufficient margin of time between the 
closing of the main circuit by the downward movement of the first armature and the opening 
of a shunt circuit by the subsequent downward movement of the second armature, to per- 
mit a relay in the main circuit to close its local contacts before the shunt circuit around| 
them is opened. This margin of time between the closing of the main and the opening| 
of the shunt circuit enables these repeaters to work well even on leaky lines with very slug- 
gish relays. This transmitter has a switch for working the lines independently or putting| 
them together at will. The fact that an armature on being drawn toward a magnet becomes: 
itself magnetic by induction, and that the closer it approaches the magnet the stronger! 
the magnetism becomes, are the novel principles utilized in this repeater. 


Half Repeaters or Side Line Apparatus.— When a single line 
and a duplex circuit are expected to repeat into each other, one 
half of the apparatus of any of the previously described types of 
single line repeaters, slightly modified, may be employed. 


In order to avoid confusion with the full set, however, they are called 
respectively the ‘‘Half-Milliken,” the ‘‘Half Weiny,’’ the ‘“‘Half-Atkinson,”’ 
‘ etc., according to the type. | 
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1GS. 7,719 and 7,720.—Detail of the differentially wound third spool of relay of the Weiny- 
‘Phillips system. In fig. 7,719, one terminal of the battery is shown grounded while the 
‘Other terminal is shown connected differentially with two equal windings of the magnet. 
The current divides at A, half going through each coil. It may be observed that the direc- 
tion of the winding of one coil is opposite to that of the other. Thus, when current flows 
‘through the wire B, the magnetization of the core due to the action of current in the coil 
.A-C is neutralized by the presence of current in the coil A-D and as a result the core is not 
magnetized at all; so that the retractile spring attached to the armature holds the latter 
‘in the “‘open’’ position as shown in fig. 7,719. If, however, while the coil A-C remains 
closed, the coil A-D be opened, asin fig. 7,720, 
the core will be magnetized due to the presence 
of current in the coil A-C while no current exists 
in coil A-D, the latter nolonger neutralizing the 
magnetic effect of the former. The armature, 
therefore, is attracted and held in the “‘closed”’ 
position as shown in fig. 7,720. 
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™ Fics. 7,721 and 7,722.—Atkinson repeater 
A ee transmitter and diagram, used by the 
a nw Western Union. The repeater set consists 
——— <)) of two standard relays, two Atkinson 
Transmitters and two repeating sound- 
ers arranged as shown in the diagram. 
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Diplex System.—By definition this is a@ system which permits, 
two messages fo be transmitted in the same direction at thi 
same time over a single wire. | 

_A principle common to the various: multiplex systems is tha‘! 


the receiving instrument at the home station, while free to respond 
to the signals of the key at the distant station, shall not respond te: 
the signals of its associate key. : 
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Fic. 7,723.—Elementary diplex system; diagram illustrating the principle of diplex teleg 
raphy. In operation, if the sender depress key Ke, this brings both sections of the batter 
in circuit on the line, causing the armature of the neutral relay R:, to be attracted. If nov 
another signal be sent by the depression of key Ki, the full strength of the current traversin; 
the neutral relay Re, will be reversed. If the armature spring of the neutral relay Re, bh 
adjusted so that it cannot respond to the weak current of battery Bi, it is evident tha 
signals may be sent by reversing the smaller battery Bi, by means of Ki, which will operat: 
Ri, but not Re. 
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Fic. 7,724.—Bunnell open circuit automatic repeater. A relay, transmitter, key, lightning 
arrester and switch mounted on a polished hardwood base constitutes one instrument’ 
Two of these make a complete repeater. When connected they can be used as an auto! 
matic open circuit repeater or as two single sets of ordinary Marse open circuit instruments| 
according to the position of the switch on each set. 


The diagram fig. 7,723 illustrates diplex operation. If the operator de- 
press key Kz, this brings both sections of the battery in circuit on the line, 
causing the armature of the neutral relay R: to be attracted. 


If now another signal be sent by the depression of key Ki, the full strength 
of the current traversing the neutral relay R: will be reversed. If the arma- 
ture spring of the neutral relay R» be adjusted so that it cannot respond tc 
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the weak current of battery B; it is evident that signals may be sent by re- 


‘versing the smaller battery Bi by means of Ki, which will operate R: but 
mot Ro. 


The principle and operation of polarized relays is explained in the accom- 
(panying cuts. 


-Duplex System.—This system is one which permits the send- 


'g of two messages simultaneously in opposite directions over a 
ngle wire. 
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MG. 7,725.—Stearn’s differential duplex system. The circuit can be traced from the tongue 

’ contact K, to the point of division M, known as the “split.” At this point one branch goes 

| through the right portion of the relay winding to the main line, and the other through the 

| left portion of the relay, the artificial line and to ground. When K, is in contact with B, 
the circuit is through battery B, to ground, and when in contact with A, it is through the 
transmitter lever, and rheostat Rc, to ground. The purpose of the rheostat Rc, 1s to divide 
the current passing through the relay coils equally between the main and artificial lines. 
When this condition is established, the current will pass through the relay with no appre- 
ciable effect upon it and the duplex is said to be ‘‘balanced.’’ 
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There are several systems of duplex telegraphy, namely?" n 
1. Differential; mals 


with battery; ! 
2. Polar bre dynamo; 


3. Bridge. | | 








Fic. 7,726.—Bunnell shovel nose pattern single pale Feansnitt ice with circuit preserving col{ 
tacts. 
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Fic. 7,727.—Detail of contact breaker end of a transmitter showing the three contacts, method 
of mounting the spring contact, and the circuits from the contacts to terminals. The dura: 
tion of contact, or portion of the stroke of lever during which the circuit through the post 
contact and spring contact remains closed is regulated hy the contact adjusting screw, 
This adjustment and other construction details are clearly shown in the illustration. 
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Differential Duplex System.—This method employs a relay 
wound with two sets of coils, in each of which the current flows 
ina different direction. 
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{ Fic. 7,728.—The battery polar duplex system. When the resistance of the main line is balanced 
by the resistance of a set of adjustable coils in the rheostat Ra of the artificial line, the current 
will divide into two equal parts at the polarized relay, and passing around the cores in differ- 
ent directions will neutralize each other and thus fail to magnetize the relay. This is called 
the ohmic balance. The static balance is effected by neutralizing the static discharge on the 
line by shunting the rheostat Ra, by means of an adjustable condenser C and a retarding 
coil RC. 


Fic. 7,729.—Bunnell W. U. battery (or gravity) pole changer for duplex or quadruplex work. 
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Consequently when two currents of equal intensity are passed through 
the relay at the same time, they neutralize each other, and the relay does not 
become magnetized. 


Each station is provided with a differential relay, and there are two com- 
plete circuits, one including the line wire, and the other consisting of re- 
sistance coils having a resistance equivalent to that of the line and known, 
as the artificial line. 
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Fic. 7,730.—The dynamo polar duplex system. E. and E’ are the dynamos, E for the positive 
and E’ for the negative current. These supply their currents through resistance coils R R’ 
either of German silver wire or of incandescent lamps. K is the key which closes the local 
circuit of the walking beam pole changer. The position of the lever of the pole changer 
determines which current is being sent to line through the pivot of the lever. The two way 
switch S is for changing from duplex to ground connection through a rheostat RH for the 
purpose of enabling the distant station to obtain a balance. From the switch the current 
goes to the junction of the two coils of the relay where it divides, one-half going to the main 
line, if the line circuit be closed at the distant station, and the other half through the artificial 
line to ground. The resistance in the artificial line is made equal to the resistance of the line 
and relay coils at the distant station. , This is adjusted, not by measurement, but by trial. 
The operator at the distant station turns his switch to the ground position and signals are 
then sent by the operator at the home station. 
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The key and battery at each station are common to both circuits, the 
points of divergence being at the relay and at the ground plate. 


When the key at one station which may be called the home station is de- 
pressed, the current flows through both sets of coils of the relay at that sta- 
tion without producing any magnetizing effect. Consequently, the relay 
and sounder at the home station remain unresponsive, but at the distant 
station the current will flow through only one set of coils at that station and 
will cause it to operate the local sounder. The same effect, of course, is pro- 
duced when the key of the distant station is depressed. 
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: Fic. 7,731.—Diagram illustrating the operation of the bridge duplex system. In the figure, 
B and B’, are the main line batteries, one at each station. R, R’, and 1, 7’, are the bridge 
resistances at each station. The various connections are clearly shown in the diagram. 
In operation, closing station A key sends out a current which divides at A, half passing 
over the main line to station B, and reaches earth via the apparatus at that end of the line, 
while the other half passes through the artificial line at station A, reaching the earth at that 
end of the circuit. Since the resistance between C and D, is the same as R or R’, the pressures. 
at C and D, are equal, and no current will flow through station A relay. This holds only 
when the resistance of station A artificial line is made equal to the resistance of the actual 
line to ground at the distant end. The relay at A is accordingly not affected when A sends. 
to B. The same condition obtains when B alone sends to A. Signals from A operate the 
relay at B because the incoming signals have a joint path made up of the branches CD and 


CA, thus setting up a difference of pressure between the points C and D sufficient to operate 
the relay. 


Polar Duplex System.—Each station is provided with two 
batterzes or dynamos; which are arranged 1n such a manner that 


the direction of the current in the line depends on whether the key 
1s in its raised or depressed position. 


As in the case of the differential method, the current divides at the relay, 
which instead of being of the differential type is known as a polarized relay. 
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Fic. 7,/32.—Elementary polarized relay. In 
operation, when no current flows through 
the electro magnet, the armature (having no 
spring), when placed midway between the 
poles of the electro magnet will be attracted 
equally by each and accordingly will ap- 
proach neither. When, however, the electro 
magnet is energized, the magnetism thus re- 
duced in its cores either increases or over- 
comes that due to the permanent magnet 
producing unlike poles according to the di- 
rection of the current. Thus the armature is 
attracted by one and repelled by the other. 
The magnetism of the electro magnet of the 

PERMANENT polarized relay changes in response to the re- 
MAGNET versals of the distant battery and the arma- 

ture vibrates to and fro between its front 

MAIN GIRCUIT and back -stops in accordance with those 

changes. 
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Fic. 7,733.—Essential parts of a walking beam type pole changer. As can be seen it is im- 
possible for all three wires of the reversing circuit to be connected at any instant, that is 
before each reversal, the circuit is broken, thus interposing an air gap; this is an undesirable 
condition where dynamos are used for current supply, because their very small internal 
resistance would otherwise permit considerable sparking. 





Fic. 7,734.—Standard dynamo pole changer walking beam model for duplex and quadruplex 
circuits. 

Fic. 7,735.—Bunnell pony pole changer. Penn. R. R. pattern for dynamo work in duplex 
and quadruplex circuits. 
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Bridge Duplex System.—This method is based on the princi- 


le of the Christie or so-called Wheatstone bridge. 


It 1s used 


n the operation of submarine telegraph cables. 


In this method, the relay is placed in the cross wire of a Christie bridge 
and the key is so arranged that connection is made with the battery before 
the line leading to the earth is broken. Adjustable resistance coils are placed 
in the arms of the bridge and a wire connects the key with one arm of the 
bridge, which is completed at the opposite end by a suitable arrangement. 
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ae 1G. 7,736.—Frank A. Stumm’s added adjustable line resistance. Necessary in duplex and all 


other multiplex office equipment. Formerly all balancing against wet weather line leakage 
was done on the artificial line rheostat and was always very unsatisfactory and often entirely 
ineffectual so that quite frequently such circuits had to be abandoned until the weather 
resumed normality—that is, became dry. The Stumm method leaves the artificial rheostat 
stand unchanged at normal ohmage, #.e., equal to the actual line resistance in dry weather 


; and when the wet storm begins to cause leakage, line resistance is looped in between the 
: relay and line sufficient to balance the artificial ohmage, and by being added to sufficiently 
; as required maintains a steady working balance reversing the procedure as the storm recedes. 
‘ ‘This method not only secures a good and continuous working balance but also prevents heat- 


ing of instrument and other office wires and cables because the resistances in the main and 
artificial lines remain the same in stormy wet weather as during fair and dry. In other words 


_ the actual and artificial lines have flowing in them the proper battery strength for the re- 


sistances traversed. The value of the Stumm line resistance is very great as it prevents 
damaging delay to tens if not hundreds of thousands of telegrams during every general 
rain storm which inevitably occurred under the old method of wet weather balancing. The 
relays used may be differential, if preferred. 


If the resistances be equal, the relays will not operate when the current is 
transmitted, but since the earth is employed to complete the circuit, they 
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will respond to the received current, thus enabling each operator to send ar 
receive signals at the same time. 


Quadruplex System.—This method of telegraphy permi: 


the simultaneous sending of two messages in either direction over 
single wire. 


Theoretically it consists of an arrangement of two duplex systems, whi: 
differ from each other so greatly in their principles of operation that the 
are capable of being used 1n combination. 


The sending apparatus consists of a reversing key and a variable curre: 
key (or equivalent), and the receiving apparatus consists of a neutral rel 
and a polar one , batteries and connections. 
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Fic. 7,737.—Elements of the quadruplex system. For simplicity, the receiving apparatus : 
omitted at station A and the sending apparatus at station B, the complete installation beir 
shown in fig. 7,738. Because of the fact that a polar relay responds solely to changes 
direction of the current, and a neutral relay to changes in strength of the current, it mu 
by evident that, if the two relays be connected in series as shown, signals may be produce : 
by the polar relay by operating the current reversing key, and with a sufficiently weak currei | 
the neutral relay will not respond; also, if the direction of the current be maintained constai | 
by using the variable current key signals will be produced on the neutral relay but not d 
the polar. Hence, with this arrangement, two messages may be sent from station A | 
station B simultaneously, and by extension, if the reader imagine each station fitted wit. 


both sending and receiving apparatus, four messages may be sent at one time, thus givin . 
quadru plex operation. 
, 8 


Typebar Tape Teletype Printing Telegraph System.—Thi 
teletype machine is @ simple intercommunicating machine fat 
interchanging messages between two or more potnis. 

NOTE.—The tape machine prints on a narrow strip of paper. The page machin 


prints on a wide sheet of paper usually 8% ins. wide. The automatic sending machin 
‘provides for sending from a‘perforated strip which acts as a storage medium for the message 
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Fic. 7,736.—Quadrupiex system with battery current supply. The apparatus employed in operating the polar system of the duplex 
is generally called the ‘‘No. 1 side of the system,’ or the polar side. It consists of the polar key and the polar relay at either 
station. The apparatus employed in operating the other systern of the diplex is called the “‘No. 2 side of the system,’’ or the 
neutral side. It consists of the neutral key and of the neutral relay. In operation, when none of the Keys is depressed, no current 
flows through the line, but a comparatively feeble current flows through the artificial lines L and L’, insufficient to operate the 
neutral relays, and to maintain the polarized relay tongues on the dead stops. Consequently, none of the sounders responds. 
If now Ki, be depressed, a strong positive current is sent to line at station A. This does not affect the relays at A, since it passes 
through them in opposite directions but on arriving at B, it tends to keep the polarized relay tongue Rs, on the dead stop, while 
it has sufficient power to operate the neutral relay R3. In the same way if Ks; alone be depressed, relay Ri alone will respond. If 


ydeisajay, ay J 


cOL'y 


4,796 The Telegraph 





Fig. 7,739 illustrates the arrangement of the standard key, 
board, together with a representation of the code combinatioffe’ 
for each character as they appear in the perforated strip usegt 
with automatic sending machines. | ¢ 


&. 
In this system the Morse key and code are replaced by a keyboard Jeu 
to that of the ordinary typewriter, but the results obtained by depressing, 
the keys on the teletype keyboard however, are quite different. By depres§ 
ing the keys, various electrical signals are sent out over a wire or wires as@ 






these electrical signals cause corresponding characters to be printed on a 
narrow ribbon of paper, both at the home and distant stations. With 
commercial typewriter, the key levers operate the type bars mechanically. 
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Fic. 7,739.—Teletype keyboard and corresponding code combination. 





Fic. 7,738.—Text continued. x 


Ke alone be depressed, a feeble negative current will flow to line, in a direction which wi 
actuate Rs, but it will not have sufficient power to actuate Rs. If Ka alone be depre | 
R2 alone will similarly respond alone. The depression of any key will cause its correspondirt 
relay to close its local circuit at the distant end of the line, regardless of the condition of} 
the keys at that end. In practice the reversed position of neutral relay stop requires a ré* 
peater with contact on the up stroke between each neutral relay and sounder, or the equiva-! 
lent secured by transposition of battery, for synchronous operation; these modifications 
are here omitted for simplicity. 
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The key levers on the teletype, however, are not connected mechanically to 


the type bars, but send out electrical signals which control the type bars, 
both at the home and distant stations. 


_ Since the key levers are not connected mechanically to the 
type bars, the teletype may be divided into two units: 


| TYPE BARS SELECTING “MECHANISM 
| PULL BARS R 
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“Fic. 7,740.—Teletype machine. The printing unit translates into printed characters the signals 
gent out by the transmitter. The various characters are on type bars which are caused to 
strike the paper tape as it is pulled over a narrow platen. The balance of the mechanism 
serves only to properly select the various type bars, move the tape forward, move and reverse 
the inking ribbon as on a standard typewriter, and shift the platen for upper case characters. 
At the bottom in the center is the platen over which the paper tape passes from right to left. 
Immediately above the platen is the inking ribbon. The type bars are plainly visible just 
back of and above the platen, arranged in a semi-circle and striking downward. Just above 
‘ and back of the type bars are the code bars, five in number, and semi-circular in shape. The 
pull bars are just in front of the code bars and one is pulled into the notches in the code bars 
when the notches are lined up for that particular letter. When the selecting mechanism lines 
up the notches in the code bars and the proper pull bar is pulled into the notches, the operat- 
ing bail is released and moves upward. The operating bail engages a notch in the pull bar’ 
pulling the latter upward, thus causing the type bar to print that particular letter. 
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1. Keyboard transmitter 
(lower portion); 


2. Printing unit (upper por- 
tion). 


The keyboard transmitter is 
the instrument which sends out 
the various character signals to 
one or more teletypes. 


Fic. 7,741.—Teletype five unit code. The dia- 
gram shows graphically the intervals or 
impulses of each combination of the code. 
Each horizontal row represents the complete 
unit of time, during each of the five intervals 
of which current may be transmitted or 
omitted. The black spots represent current - 
and the white ones no current. Thus, in the 
case of the letter E, current is sent during the 
first interval and no current during the re- 
maining four intervals. The letter R, re- 
quires current during the second and fourth 
intervals and no current during the first, third 
and fifth intervals. Each combination of 
signals is preceded by a start and followed by 
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>? a stop signal, the functions of which are ex- 
FIGURES plained in the note below. 
LETTERS 








NOTE.— The tape machine is very popular for a communication service in which the indivi- 
dual communications are short, do not require more than one copy and need not be kept on 
file for any great length of time. However, if so desired, the tape can be pasted on a blank to 
give the appearance of a page message. The page machine is found to be very satisfactory 
for longer communications which are kept for future reference, for making multiple copies, 
and in some cases for handling special forms. From the point of view of handling telegraph 
traffic, the page system is not quite so efficient, because the signals controlling the operations 
of feeding the paper and of returning the carriage to the beginning of each line have to be 
transmitted over the circuit by the sending operator. ‘These operations are not required with 
the tape printer. Machines for sending from a perforated strip find their use where a large 
volume of traffic is to be handled as in press offices. The message in the perforated strip 
form will pass through the sending mechanism or transmitter at a regular rate, say 360 char- 
acters per minute, but the operator in preparing the message in this form for transmittal can 
exceed this speed and, therefore, have a freedom of working which is found to be quite desir- 
able. This uniform speed of transmitting over the circuit corresponds with the fastest working 
of most operators who are employed to prepare the perforated strip. 
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Fic. 7,742.—Two keyboard teletypes connected for duplex operation. The keyboard contacts are connected to one winding (oper- 
ating winding) of the pole changer relay. Current is connected to the other winding (holding winding) in a manner that will 
cause the relay tongue to move to the spacing side when the keyboard contacts are open. When the keyboard contacts are closed 
a current of twice the value is sent through the operating winding in the opposite direction which will overcome the magnetic 
effect of the holding winding and cause the relay tongue to be moved to the marking side. T he contacts of the pole changer relay 
are connected to marking and spacing battery. The tongue goes to the split of the main line relay where the circuit divides. 
One path of the current is through one winding of the relay to the line wire and the other path is through the second winding of 
the relay through the artificial line to ground. As the tongue of the main line relay responds to the distant signal it operates the 
printer relay, the printer relay in turn will send make-break signals to the receiving printer magnet. 


One motor drives both the keyboard transmitter and printing unit. It consists of a bank of properly 
lettered key levers, a set of notched selector bars, a contact mechanism, and a clutch, through the me- 
dium of which the contact operating mechanism is driven. 


The printing unit furnishes @ home record of the matter sent, and also serves as a 
receiver when another station is transmitting. 
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Fic. 7,743.—Theoretical circuit of two tape transmitter sets connected for duplex operation. The main line relays have in addition 
to the usual operating windings two auxiliary windings, O and A. These auxiliary coils in conjunction with a condenser and 
resistance, are connected in such a manner as to set up a steady vibration of the main line relay armature when not under the 
influence of the current flowing through the operating windings. With this circuit the speed of operation of the relay is greatly 
increased. In operation when the tongue reaches the spacing contact, a rush of current passes to the condenser through the 
accelerating winding A, in such a direction as to hold the tongue against the spacing contact. At the same time the current 
flows through the opposing winding O, and a resistance in series with it in such a direction as to tend to move the tongue toward 
the marking contact giving an opposing effect to the current in the accelerating and operating windings. The condenser charging 
current, however, diminishes to zero, while the current to the opposing winding increases to a steady value which will cause the 
tongue to move toward the marking contact when the line current diminishes at the moment of reversal. As soon as the tongue 
leaves the spacing contact, battery is cut off and the condenser discharges through the accelerating and opposing coils in a direc- 
tion to assist the motion of the tongue, thus shortening the transit time. When the tongue reaches the marking contact, the same 
cycle of operation is repeated, the tongue, of course, tending to move in the reverse direction. , 


It is entirely mechanical with the exception of a pair of magnets which assist in translating the elec- 
trical signals sent to the teletype. Printing is effected by means of type bars which move forward and 
downward, instead of backward and upward as with the commercial typewriter. Ink is supplied to 
the paper tape by means of a ribbon in the usual way. | . 





ee -~ ——— ~ — --— -— '_ =e rr ee ey 





008'b 


ydeigajay ay 


The Telegra ph 4,801 . 





The signaling code employed to transmit the characters is 


<nown as the five unit code. 


If a given unit of time be divided into five intervals, during each of which 
current may or may not be transmitted, it 1s possible to produce thirty-two 
different combinations of current and of no current intervals. 


Duplex Teletype Printer Operation.—By use of duplex 


apparatus it is possible to transmit in both directions simul- 
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taneously over a single wire. 
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Fic. 7,744.—Teletype circuit diagram for duplex operation showing entire artificial line. 


~ NOTE.— Teletype unison. The start signal and the stop signal cause the printing units to: 
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revolve in unison with the transmitter so that the character signals sent out by the transmitter 
may be translated into letters and other characters by the printing unit. The transmission of 
the start impulse allows the selector magnet armature to operate the trip mechanisms on the 


‘' printing units and the selector cams start to revolve. The speed of rotation is such that when. 


the cam shaft of the transmitter has revolved far enough to send out the first impulse, the print- 
ing unit shaft has revolved to the proper position to receive it. When the transmitter has 
revolved to the position to send out the second impulse, the printing unit shaft will have also 
rotated to the proper position to receive it. At the end of the revolution the transmission of the 


stop impulse attracts the selector magnet armature and the selector cams are stopped by the 
stop pawl. 
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Each printer terminal set consists of a tape transmitter, a transmitting 
recelving disc type distributer, a receiving printer, a main line relay, a 
printer relay and the artificial line apparatus. Where circuits are to be com- 
posited compositing equipment is made part of the set. 


Fig. 7,742 shows two keyboard teletypes connected for 
‘duplex operation. Inasmuch as only make break signals can 
be sent from the keyboard contacts it is necessary to use a pole 
changer relay so that polar signals may be sent to the line. 


The arrangement of the entire artificial line 1s shown in 


fig. 7,744. 


TEST QUESTIONS 


Give a classification of telegraph systems. 
What is a key? 


. Describe the construction of a key or transmitting 
instrument. 


5. What is a sounder? 


PhP WHO & 


6. Describe the construction and operation of a sounder. 


7. Draw a diagram showing, a, open circuit short 
line system; b, closed circuit short line system. 


8. What is a relay? 
9. Describe the construction and operation of a relay. 
10. Name the different types of relay and describe each. 


Of what does the simplest form of telegraph consist? 





11. 


12. 


13. 
14. 
Lo, 
16. 
17. 
18. 


19, 
20. 
21. 
1 


fans 
24. 
25. 
20. 
A 
28. 


29. 
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Draw a diagram of a medium distance line with 
relays. 


Describe the operation of a medi ium distance line with 
relays. 


What is a repeater? 


Describe the construction and operation of a repeater. 
How are repeaters used on long distance lines? 
Explain the Milliken repeater system. 


What is an automatic repeater? 


Explain the three pairs of circuits in an automatic 
repeater. 


What is a half repeater? 
Describe the duplex system. 
How does a duplex system work? 


What kind of a relay is employed in the differential 
duplex system? 


Draw a diagram of the dynamo duplex polar system. 
Explain the operation of a polarized relay. 

How does a walking beam pole changer work? 

Upon what is the bridge duplex system based? 
Describe in detail the quadruplex system. 


Explain the operation of the typebar tape teletype 
printing telegraph system. 


Explain duplex teletype printing operation. 
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Fic. 7,745—General lay- 
out of voice frequency 
carrier telegraph sys- 
tem for cables showing | 
path of a signal from = 
the sending operator to the receiving operator on one 
of the ten two-way circuits. 
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THE WESTERN ELECTRIC COMPANY 
FRESHEST EGGS AT BOTTOM MARKET PRICES 
Fic. 7,746. —Test message transmitted over New York- 
Horta cable with a high speed siphon recorder, at a 


speed of 1920 letters per minute, November 14th, 1924. 
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Hee CHAPTER 190 





Optics 


As a preliminary to taking up the study of motion pictures 
the student should have a general knowledge of optics. 

By definition, optics is that part of physics which deals with 
the property of -light. : 

Various explanations have been made as to: What is light? 
The most important of these are the emission or corpuscular 
theory, and the undulatory or wave theory. 


_ The emission theory assumes that luminous bodies emit, in all di- 
‘rections, an imponderable substance which consists of molecules of an ex- 
treme degree of tenuity. These are propagated in right lines with an 
almost infinite velocity. Penetrating into the eye, they act on the retina 

’. and produce a sensation which is called vision. 


The undulatory theory assumes that all bodies, as well as the celestial 
spaces are filled with an extremely subtle elastic medium, called the Juminif- 
erous ether, the luminosity of a body being due to an infinitely rapid vibra- 
tory motion of its molecules, which, when communicated to the ether, is 
propagated in all directions in the form of spherical waves, and this vibra- 
tory motion, being thus transmitted to the retina, produces the sensation 
called vision. 


Definitions 


Image.—The appearance of an object at a place where no object exists. 


Real Image.—The image formed when the rays actually meet. 


é 
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Fic. 7,747.—Image produced by small aperture showing the crossing of luminous rays at thi 
aperture causing inversion of the image. | 
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Fic. 7,748.—Formation of images by plane mirrors. The determination of the position and 
size of image resolves itself into investigating the images of a series of points. CASE I: 
Single point A placed tn front of a plane mirror, as in fig. 7,748. Any ray AB, incident from 
this point on the mirror is reflected in the direction BO, making the angle of reflection DBO 
equal to the angle of incidence DBA. If a perpendicular AN, be let fall from the point 
A over the mirror, and if the ray OB, be prolonged below the mirror until it meets this 
perpendicular in the point A’, two triangles are formed, ABN and BNA’, which are 
equal, for they have the side BN common to both, and the angles ANB, ABN, equal to 
the angles A’NB, A’BN; for the angles ANB and A’NB are right angles, and the angles 
ABN and A/BN are each equal to the angle OBM. From the equality of these triangles, 
it follows that A’N is equal to AN; that is, that any ray AB, takes such a direction after 
being reflected, that its prolongation below the mirror cuts the perpendicular AA’ in the 
point A’, which is at the same distance from the mirror as the point A. This applies also 
to the case of any other ray from the point A, as AC. It follows, that all rays from the 
point A, reflected from the mirror, follow after reflection, the same direction as if they 
had all proceeded from the point A’. The eye is deceived, and sees the point A at A’, as 
if it were really situated at A’. Hence, in plane mirrors, the tmage of any point ts formed bel 


hind the mtrror at a distance equal to that of the given potnt, and on the perpendtcular let fal- 
from this point on the mirror. 


Fic. 7,749.—Formation of images by plane mirrors. CASE II: Object AB placed tn front 
of the mtrror, as in fig. 7,749. The image of any object will be obtained by constructing the 
image of each of its points, or at least, of those which are sufficient to determine its form. 
Fig. 7,749 shows how the image A’B’ of any object AB is formed. 
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Virtual Image.—The image formed when the rays only appear to meet. 
Mirror.—A polished surface which reflects objects placed before it. 


Production of Images.—When luminous rays, which pass through a 
mall aperture into a dark chamber, are received upon a screen, they form 


N 
3 


. 7,750.—Angles of incidence and reflection. LAW: The angle of reflection ts equal to the 


ngle of incidence. The ray IO is called the incident ray; OR, reflected ray; angle ION, 


ngle of. incidence; angle NOR, angle of reflection; NO, normal or perpendicular to the 
sflecting surface. 
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OF WATER: 





IG. 7,751.—Position of image in a plane mirror. Let a candle be placed exactly as far in 
front of a pane of window glass as a bottle full of water is behind it, both objects being on 
a perpendicular drawn through the glass. The candle will appear to be burning inside the 
water. This experiment explains a large number of familiar optical illusions, such as “‘the 
figure suspended in mid-air,’”’ “‘bust of person without trunk,” “stage ghost,’’ etc. In the 
last case the illusion is produced by causing the audience to look at the actors obliquely 
through a sheet of very clear plate glass, the edges of which are concealed by draperies. 


Images of strongly illuminated figures at one side appear to the audience to be in the midst 
of the actors. 
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images of external objects as shown in fig. 7,747. These images are in- 
verted because the luminous rays proceeding from external objects, and 


penetrating into the chamber, cross one another in passing the aperture: 
as shown in fig. 7,747. 


S R : 
| M | 
Fics. 7,752 and 7,753.—Concave spherical mirror; explanation of fig. 7,750 V, vertex; MM’, 
the aperture; CV, the principal axis; CS, a secondary axis; C, center of curvature; 
F, principal focus (midway between V and C). Any line drawn from C to the mirror will be | 
perpendicular to the mirror at that point. This line then will always be the normal which ' 
will be used in making the angle of incidence equal to the angle of reflection. Now in fig. | 
7,753, if AB be an incident ray of light, the angle ABC is the angle of incidence. To find | 
the direction of the reflected ray draw BR so that the angle CBR equals angle ABC, then | 
will BR be the direction of the reflected ray. i 
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~ ANGLE’ OF REFRACTION 


Fic. 7,754.—Diagram illustrating refraction definitions. All the light which falls on a re- 
fracting surface does not completely pass into it; one part is reflected and scattered, while 
the other penetrates into the medium. According to the undulatory theory, the most 
highly refracting media is that in which the velocity of propagation is least. In uncrystal- 
lized media, such as air, liquids, ordinary glass, the luminous ray is singly refracted: but 
in certain crystallized bodies, such as Iceland spar, selenite, etc., the incident ray gives rise 
to two refracted rays. The latter phenomenon is called double refraction. 
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_Reflection.—The change of direction experienced by a ray of light, or 


of other radiant energy,. when it strikes a surface and is thrown back or 
reflected, as shown in fig. 7,750. 


Laws of Reflection.—1. The angle of reflection is equal to the angle of 
incidence. 2. The incident and the reflected rays are both in the same plane 
which 1s perpendicular to the reflecting surface. 


Refraction.—The change of direction which a ray of light undergoes 


upon entering obliquely a medium of different density from that through 
which it has been passing, as in fig. 7,754. 
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SF. 7,755.—Diagram illustrating the critical angle or that angle between the inctdent ray and 
the perpendicular drawn to the surface in the medium of smaller veloctty at the point at which 
total reflection begins to occur. In the diagram let CD be a surface separating two trans- 
parent media, the lower one being the denser of the two (as air and water). If a ray EO, 
strike the surface it will be bent away from the normal AOB, along the line OF, in accord- 
ance with the law of refraction sin AOF =» sin EOB. If now the angle EOB be increased, 
AOF, will go on increasing until sin AOF=1, and the refracted ray passes along OD; in 
this case the ray in the dense medium makes an angle BOG, with the normal such that uz 
sin BOG=1, from which, sin BOG=1+yz. This angle BOG is the critical angle. 


Index of Refraction.—The ratio between the series of the incident and 
refracted angles. It varies with the media, for instance from air to glass 
it is 2; from air to water, $, sometimes called refractive index. 


Laws of Refraction.—1. Light is refracted whenever 1t passes obliquely 
from one medium to another of different optical density. 2. The index of re- 
fraction for a given substance is a constant quantity whatever be the angle of 
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incidence. 3. The refracted ray lies in the plane of the incident ray and the — 
normal. 4. Light rays are bent toward the normal when they enter a more — 


refractive medium, and from the normal when they enter a less refractive 
medium. 


Lenses.—A lens may be defined as, @ piece of glass or other : 
; 


transparent substance with one or both sides curved. Both sides 
may be curved, or one curved and the other flat. 
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Fic. 7,756.—Construction of refracted ray. Let AO be a ray of light passing through air and 
entering water at O. The index is $. Draw two circles with centers at O and with radii 
whose lengths are as 4:3. Draw AI and BR perpendicular to the normal NN’. Since AO: 
BO=4:3, then AI: BR=4:3. Hence if AI be the sine of the angle of incidence, BR 
is the sine of the angle of refraction. If then, BB’ be drawn parallel with the normal, and a 


straight. ruler be placed on the points B’ and QO, the line OB’, the refracted ray may be 
drawn. 


The object of a lens 1s to change the direction of rays of light, 


and thus magnify objects, or otherwise modify vision. 
There are various kinds of lens and they may be classed as: 


1. Convex. 


a. double convex; 
b. plano convex; 
c. concavo convex. 
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Concave. 


a. double concave; 
b. plano concave; 
c. Convex concave. 
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7,757 to 7,762.—Various lenses. The first three are thicker at the center than at the 
‘ders, and are called converging; the second three, which are thinner at the center are 
led diverging. In lenses whose two surfaces are spherical, the centers of these surfaces 
: called centers of curvature, and the right line which passes through these two centers 
the principal axis. In a plano-concave or plano-convex lens, the principal axis is the 
rpendicular let fall from the center of curvature of the spherical face on the plane face. 
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3s. 7,763 and 7,764.—The principal focus. By definition, it is that point where all the rays 
parallel with the principal axis meet after reflection, as, for instance, the rays from a source of 
ight at an infinite distance from the mirror. The sun is so far distant that its rays are prac- 
tically parallel. When they are reflected upon a concave mirror they are reflected to the 
principal focus F; forming a point of intense light and heat. 
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These various types of lens are illustrated in figs. 7,757 to 7,762, whic 
give a better idea of the numerous combinations of curved and plane sur: 
faces than is obtained by definition. 
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| 
Fic. 7,765.—Principal focus in double convex lens. CASE I: Rays from luminous sources parallel). ; 
with the principal axts. the ; 

| 

| 

| 





| 

Fic. 7,766.—Conjugate foci. By definition, when two points are so related that object and | 
image may exchange places, they are called conjugate foct. If a luminous object be placed at 
the point O, it: projects divergent light rays upon the mirror. These rays will focus at a | 
point I, a little further from the mirror than the principal focus F. If the source of light be | 
now placed at I, the rays will pass back over-the same paths and will comie to a focus at O; 
the points I and O thus related to each other are called conjugate foci. Concave mirrors 


make divergent rays less divergent, parallel or convergent; parallel rays, convergent; con- 
wergent rays more convergent. 


Foci in Double Convex Lenses.— The focus of a lens ts the 
point where the refracted rays, or their prolongations meet. Double 
convex lenses have both real and virtual foci. 
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Principal Focv.—Fig. 7,765 shows the case in which the luminous rays 
which fall on the lens are parallel with its principal axis. 
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1G. 7 767 —Principal focus in double convex lenses. CASE II: Divergent rays from luminous 
; source. In the figure the luminous source being at L, by comparing the path of a diverging 
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ray LB, with that of a ray, SB, parallel with the axis, the former is found to make with the 
normal, an angle LBN, greater than the angle SBN, hence, after traversing the lens, the 
ray cuts the axis at a point L’, which is more distant than the principal focus F. As all rays 
from the point L intersect approximately in the same point L’, this latter is the conjugate 
focus of the point L. This term has the same meaning here as in the case of mirrors, and 
expresses the relation existing between the two points L and L’, which is of such a nature 
that, if the luminous point be moved to L’, the focus passes to L. 
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Fic. 7,768.—The virtual focus. If a source of light be placed at L, between the principal focus 
F, and the mirror, any ray LM emitted from L, makes with the normal CM, an angle of 
incidence LMC, greater than FMC. The angle of reflection must be greater than CMS, 
and therefore the reflected ray ME diverges from the axis AK. This is also the case with all 
rays from the point L, and hence these rays do not intersect, thus forming no conjugate 
focus. If they be regarded as being prolonged on the other side of the mirror, their prolonga- 

‘ tions will intersect in a point L’, on the axis, giving the same effect to the eye as though the 
rays were emitted from the point L’, this point being called the virtual focus. 
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Fig. 7,767 shows the case in which the luminous source is outside tl ;: 
principal focus, but so near that all incident rays form a divergent penci ;:: 


Virtual Foci.—A double convex lens has a. virtual focus when the I: 
minous object 1s placed between the lens and the principal focus, as shown il 
fig. 7,769. | 


; 


| 





Y 
Yy 


H 
.. (i 


Yfp. 










A 


Fic. 7,769.—Virtual focus in double convex lens. In the figure, L is the position of the luminou: 
source between the principal focus and the lens; F is the principal focus, and_L’, the virtug 
focus corresponding to the position L of the luminous source. 
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Fic. 7,770.—Virtual focus in double concave lens. CASE 1: Parallel incident rays. Let SS’ bi 
,. any pencil of ray parallel with the axis. Any ray SI is refracted at the point of incidence I, and! 
approaches the normal CI. At the point of emergence it is also refracted, but diverges fron 
the normal GC’, so that it is twice refracted in a direction which moves it from the axis CC" 
Since the same conditions obtain for every other ray, S’7KMN, it follows that the rays, afte’ 
traversing the lens, form a diverging pencil, GHMN. Hence, there is no real focus, but the 
prolongations of these rays cut one another in a point F, which is the principal virtual focus: 


Fic. 7,771.—Virtual focus in double concave lens. CASE II: Divergent tnctdent ravs. In thit 
case where the rays radiate from a point L on the axis, it is found by the same construction 
that a virtual focus is formed at L’, whichis between the principal focus and the lens. 


In this case the incident rays make with the normal greater angles 
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izhan those made with the rays FI from the principal focus. Accordingly, 
when the former rays emerge, they move farther from the axis than the 





'3. 7,772.—Effect of placing luminous source at the principal focus of a double convex lens. 
+ As the point of light comes near the lens, the convergence of the emergent rays decreases, 
and the conjugate focus L’ (fig. 7,767) becomes more distant. When the source of light L 
soincides with the principal focus F, as shown above, the conjugate focus is at an infinite 
. jistance, that is to say, the emergent rays are parallel. When this condition obtains, the 
. intensity of light decreases slowly, thus, a small lamp can illuminate a considerable distance. 
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IF1G. 7,773.—Experimental determination of the principal focus of a double concave lens. The 

_ face AB is covered with an opaque substance, such as lamp black, two small apertures, A 
and B, being left in the same principal section and at an equal distance from the axis. A 
pencil of sunlight is then received on the other face, and the screen P, which receives the 
emergent rays, is moved toward or away from the lens until A and B, the spots of light 
from the small apertures, are distant from each other by twice A’B’. The distance DI is 
then equal to the focal distance FD, because. the triangles FA’B’ and FAB are similar. 





Fic. 7,774.—Formation of real:image by double convex lens. Let AB be placed beyond the; 
principal focus. If a secondary axis AA’ be drawn from the outside point A, any ray AC 
from this point will be twice refracted at C and D, and both turning in the same direction, ' 
approaching the secondary axis, which it cuts at A’, the other rays from the point A will: 
intersect in the point A’ which is accordingly the conjugate focus of the point A. If the 
secondary axis be drawn from the point B, it will be seen that the rays from this point : 
intersect 1n the point B’, and as the points between A‘and B have their foci between A’ 
and B’, a real and inverted image of AB will be formed at A’B’. To see this image it may be 
received on a white screen, on which it will be depicted, so the eye may be placed in the 
path of the rays emerging from it. Again, if A’B’ were the luminous object, its image would 
be formed at AB. 


_ 





Fic. 7,775.—Formation of virtual image by double convex lens; object AB, placed between the 
lens and its principal focus. If a secondary axis OA’ be drawn from the point A, every ray 
AD, after having been twice refracted, diverges from this axis on emerging, since the point A 
is at a less distance than the principal focal distance, this ray, continued in an opposite 
direction, will cut the axis OA’ in the point A’, which is the virtual focus of the point A. 
Tracing the secondary axis of the point B, it will be found in the same manncr, that the 
virtual focus of this point is formed at B’. There is, therefore, an image of AB at A’B’. 
This is a virtual image; it is erect and larget than the object. The magnifying power is greater 
in proportion as the lens is more convex, and the object nearer the principal focus. 
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i latter, and form a diverging pencil HK, GM. These rays.cannot produce 
‘a real focus, but their prolongations intersect in some point L’, on the. 
teaxis, and this point is the virtual focus of the point L. 


‘Foci in Double Concave Lenses.—In lenses of this form, 
were are only virtual foci, whatever be the distance of the object. 
ee figs. 7,770 and 7,771. 


! Formation of Images by Double Convex Lenses.—In lenses 
s well as in mirrors, the image of an object zs the collection 






YY 
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‘Fic. 7,776.—Formation of virtual image in double concave lens; no real image is formed with 
this type of lens. Let AB be an object placed in front of the lens. If the secondary axis AO 
be drawn from the point A, all rays AC, AI, etc., from this point are twice refracted in 
the same airection, diverging from the axis AO, so that the eye receiving the emergent rays 
DE and GH, supposes them to proceed from the point where their prolongations cut the 
secondary axis AO in the point A’. Similarly, drawing a secondary axis from the point B, 
the rays from this point form a pencil of divergent rays, the directions of which, prolonged, 


intersect in B’. Accordingly the eye sees at A’B’, a virtual image of AB, which is always 
erect, and smaller than the object. 


of the foci of its several points. Accordingly images furnished 

by lenses are real or virtual in the same case as the foci, and 
- their construction resolves itself into determining the position 
of a series of points. 
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Images are formed as follows: 










1. The image formed with object at twice the focal distance is real | i 
verted, same size as the object, and at the same distance from the leng, , 


2. At more than twice the focal distance, the image is real, inv te 
smaller than the object, and beyond the principal focus; aa 


3. Al less than twice the focal distance, the 1 image is real, inverted, 





Fic. 7,777.—Spherical aberration. The reflected rays of concave spherical mirrors do not meet|' 
at exactly the same point. For instance, the ray AB, will be reflected to F, but DE will be: 
reflected to H, a point closer to the mirror. This is called spherical aberration.It has bee 
observed that the reflected rays only pass through a single point when the aperture of the, 
mirror does not exceed 8 or 10 degrees. | 


‘ When the object is at the principal focus, the rays after pee, 
through the lens will be parallel, and no image will be formed. 


. 5. When the object is between the principal focus and the lens the 
image is virtual, erect and larger than the object. In this case the rays are: 
made less divergent but not convergent. 


Formulz Relating to Lenses.—In all these lenses the rela- 
tions between the distances of the image and object, principal 
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aus, ‘also radii of curvature, the refractive index, etc., may 
:.Z«expressed by a formula. 


| Jf O be distance of the object from the lens, I the distance of the image, 
- nand F, the principal focal distance, then 


O'! F 
From the equation it is seen that if any two of the distances are given 
xithe other can be found. Thus solving (1), 
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-. .cIG. 7,778.—Effect of spherical aberration. It produces a lack of sharpness and definition of 

“" we an tmage. If a ground glass screen be placed exactly in the focus of a lens, the image of an 

“10. Object will be sharply defined in the center but indistinct at the edges, and if.sharp at the 
{3 edges, it will be indistinct at the center. This effect is very objectionable, especially in 
ij photographic lenses. To avoid this, a disc D with a hole in the center is placed concentric 
“+ with the principal axis of the lens, thus only the central part of the lens is used. 
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Chromatic Aberration.—When white light is passed through 
- fa spherical lens, Doth refraction and dispersion occur. 
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This causes a separation of the white light into its various colors and| 
causes images to have colored edges. This defect which is most observable: 
in condensing lenses is due to the unequal refrangibility of the simple cbl4. 
ors, and is called chromatic aberration. 


Achromatic Lenses.—The color effect caused by the chro4 
matic aberration of a simple lens greatly impairs its usefulness. 
This may be overcome by combining into one lens, a convex lens| 
‘of crown glass and a concave lens of flint glass. : 





oe ae 


Fic. 7,779.—Achromatic lens, consisting of a combination of a double convex lens of crown | 
glass, and a double concave lens of flint glass. Whenever it is desired to project especially ' 
good pictures upon a screen, lenses are often combined as shown in the figure. Here M 
indicates the line through the principal axis, at which the red rays reflected by the double | 
convex lens would strike, and.S, the line where the violet rays would be projected. The 
addition of the double concave lens brings the red and violet together again at G. A com- 
bination of two such lenses F H, placed the proper distance apart and the surfaces properly 
proportioned, may be made to combine any two of the colors of the spectrum. Accordingly 
even with these connected Jenses there is always some coloring on the screen, although 
hardly noticeable. | 


The first lens produces both bending and dispersion; the second lens 
almost completely overcomes the dispersion without entirely overcoming 
the bending. 


Principles of Optical Projection.—The process 1s almost the 
reverse of ordinary photography. 


For instance, in photographing a scene by means of the photographic 
objective or lens, a reduced image is obtained on ground glass. This glass. 
is replaced by a sensitized plate, and by the use of chemicals the image 
is fixed thereon. 


In projection the process is reversed, that is, a transparent slide is made 
from the picture made with the lens, or the roll of film taken with a motion 
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, picture camera is developed and used in the projection lantern or ‘‘motion 
| picture machine” as it is usually called. 


By means of a condensed light these are strongly illuminated, and with 
an objective lens, an enlarged image is projected upon the screen; this 
screen image corresponding to the real objects photographed. 


The principles of optical projection for both lantern slide 
snd motion picture apparatus will readily be understood from 
he diagram fig. 7,783. 
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(Fics. 7,780 to 7,782.—Various achromatic lenses. Fic. 7,780 and fig 7,781 are types usually 
used in photography, and fig. 7,782, a combination used in motion picture and stereopticon 
projection. 


Rules 


Size of Image.—RULE: Multiply the difference between the 
: distance from the lens to screen and the focal length of the objective, 
' by the size of the slide and divide the product by the focal length. 


Example.—Let L be the projection distance, 40 feet or 480 inches; 
S, the slide mat 3 inches; F, the focus of the lens 12 inches. The formula 
for size of image, is | 

: S (L—F) 


d=— 


where d=size of image substituting the given data 


: ° d=? (480 — 12) 
| 12 


TR en a ee een a a bee em ee mo 


= 117 ins. or 934 ft. 
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Focal Length. RULE: Multiply the size of the slide or film 
opening by the distance from the lens to screen, and divide the 
product by the sum of the size of the image and the size of the slide. 


Expressed as a formula 


_SxL 
d+S 


substituting the values previously given 





Fic. 7,783.—Diagram showing the various lenses of a motion picture machine and illustrating 
the principles of optical projection. 


Distance from Slide to Screen.—RULE: Multiply the sum 
of the size of the image dnd size of slide mat, by the focal length, 
and divide this product by the size of the slide mat. 


Expressed as a formula 


_F(d+S) 
_ S 


substituting the values previously given 


peti —480 ins.. or 40 ft. 


Optics 4,823 





Fics. 7,784 and 7,785.—Two forms ot condenser. Owing to its form, the meniscus condenser 
will intercept and utilize a larger percentage of light rays from the arc than the plano, which 

_ means that more light will be transmitted to the film, when a meniscus condenser is used. The 
meniscus, however, because of being closer to the heat of the arc, is more liable to breakage. 

A combination consisting of one meniscus, and one bi-convex condenser is recommended. 


| TEST QUESTIONS 


. Define the term optics. 
Explain the emission and undulatory theories. 
. Give definitions of the various terms used in optics. 


. Explain by diagrams the formation of images by 
plane mirrors. 


. What is the law governing angles of incidence and 
reflection? 


6. What is a lens? 


7. Give a classification of lenses. 


mod 
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8. 
9. 
10. 


11. 
12. 
13. 
14. 
1). 
16. 


What is the focus of a lens? 

Give explanation of foci'in double convex lenses. | 

Explain with diagrams the formation of real ana 
virtual images by double convex lens. | 

Explain spherical aberration. | 

Give the formulae relating to lenses. 

What is chromatic aberration? 

What is an achromatic lens? 

State the principles of optical projection. 


What is the rule for a, size of image; b, focal length; 
c, distance from slide to screen? 
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CHAPTER 191 


Vlotion Picture Cameras 


Apparatus for taking motion pictures differs in many ways 
‘om ordinary cameras. Fig. 7,786 is a diagram showing the 
ssential parts of a motion picture camera, from which the 
rinciples of operation are easily seen. As shown in the figure 
here are three compartments: 1, a front compartment U, con- 
aining a rotating shutter N, pin mechanism OP, and other 
arts not shown; 2, a compartment V, containing the film 
nechanism.and magazines, and 3, a compartment on the op- 
osite side containing mechanism communicating with the 
spools in the magazines, with the sprocket wheels, and the 
points in the first compartment. 

The two magazines A,B, consisting of light boxes, fit into 
the back portion, and carry reels, W, X, on which the film is 
wound. 





In operation, the roll of unexposed film L, which passes out of a small 
aperture H!, at the corner of the top magazine A, around guide rollers C, 
D, engages by its perforations with the sprocket wheel F, to which it is 
kept by the roller E. The film forms a loop at H? and passes downward 
through the guide grooves made in the gate G. 


Continuing, it passes out past the bottom of the gate, forming a second 
loop H3, and then passes between a spring roller I, and sprocket J, under 
the guide roller K, and enters at H‘ the lower magazine B, when it is 
‘wound up on the bobbin X. 


The sprocket wheels rotate continuously drawing the film from the sup- 
ply at L, and taking it up at M. 


Rad 
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The motion of the film in the gate G, however, is intermittent. During| 
the period of rest, a surplus loop of film forms at H?, which is then pullec; 


down through the gate by the action of the pin O, engaging with the per:| > ’ 
forations. 





The whole mechanism is so arranged and geared together that, whtl | : 
the film is being shifted, the light 1s excluded from the lens, and admitted n 
during the stationary periods. 
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Fic. 7,786.—Diagram of motion picture camera showing the essential parts. Cameras are 
built for various numbers of pictures per turn of the crank; four, six, and eight are common. 
An eight picture camera should be run at a speed of almost one hundred turns per minute. 
To operate at this speed, get a watch ticking 300 ticks per minute and learn to count one, . | 
two, three; one, two, three, etc., just as fast as the watch ticks, turning the crank one rev-' 


olution for every one, two, three counted; that is to say, one revolution per every three 
ticks of the watch 


A long tube Y, extends through the center of the camera, and is provided 


with a detachable cap at S. This tube forms the sight hole for inspecting 
the image on the film, prior to exposure. 


The gate G, is a kind of hinged door with an aperture in it, and its 


_ function is to keep the film flat and vertical during exposure and also to 
act as a channel or guide 


Motion Picture Cameras 4.827 





: After taking a subject, the operator presses a button, and in so doing 
‘1 punches a hole in the film at a point just above the gate, thus indicating 
‘t the end of the subject and beginning of the next subject. 


+°Camera Film Movement Mechanism.—The mechanism such 
'$ is used on the Bell and Howell camera is shown in fig. 7,787. 
t consists of two integral parts: 





Oh ee ee eT 


r “Fic. 7,787.—Bell & Howell motion picture camera; view showing camera and magazine in- 
teriors exposing film movement mechanism and threading of film. 


a ee ee 


1. Film feed and take-up sprocket; 
2. Shuttle mechanism. 


The film feed and take up sprocket is mounted directly to the main 
crank shaft by means of a lock nut and a hollow hexagon toothed washer. 
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' The shuttle mechanism comprises four distinct mechanical 
ements: 


f 


1. The shuttle bar carrying the engaging pins which impart the feeding 
motion to the film. 


2. The register leaf forming the guideway for the film before the aperture. 
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“Fic. 7,789.—Bell & Howell camera. Front view with turret plate and shutter removed show- 
ing focusing and photographing apertures; shuttle operating cam, part of brake mechan- 
ism and opening for mounting focusing magnifier above focusing aperture. 


3. The pilot register pins which cause the accurate register of the film 
before the exposing aperture. These pins are mounted above and in fixed 
relation to the aperture plate. Their specific function is to prevent in- 
accurate spacing, since an error 1n spacing to an infinitesimal degree causes 
unsteadiness on the screen inthe projection of the picture. 


4, The aperture plate against which the film is brought to register before 
the exposing aperture. This plate is mounted to the register leaf mounting 
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and is in fixed relation thereto. The opening in the aperture plate definitely 
extablishes the marginal limits of the picture. Its rearward surface forms 
the seat against which the film is held in contact by the register leaf during 
exposure, thereby accurately locating the film at the focal plane. 


The film movement mechanism thus described provides for 
the free travel of the film from the magazine through the 
camera and back to the magazine. 


TEST QUESTIONS 


1. Draw a diagram illustrating the essential parts of a 
motion picture camera. 


. How does a motion picture camera work? 

. Describe the camera film movement in detail. 
. Of what does the shuttle mechanism consist? 
. How does the shuttle mechanism work? 


in HR W bo 
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CHAPTER 192 





Motion Picture Projectors 


The function of a moving picture machine or projector is to 
“roject motion pictures upon a screen. The machine not only 
“wojects pictures on the screen, but is usually provided with 
‘.pparatus for reproducing synchronized sound. 


The projector proper consists essentially of: 
1. An optical system, comprising 
a. Source of light; 


condenser; 
b. Lens { objective. 


2. Intermittent film feed-system, comprising 


a. Upper reel; g. Shutter; 

b. Upper steady feed sprocket; h. Lower steady feed sprocket; 
c. Steady drum; | | 4. Lower reel; 

d. Film gate; yj. Lower reel drive; 

e. Intermittent sprocket; k. Operating crank and drive; 
f. Intermittent movement; 1. Numerous presser rollers. 


Besides these various essential parts, safety devices such as, fire shutter, 
fire valves, film shields, etc., are provided. 


How a Projector Works.—The elementary diagram fig. 7,790 
{ has been prepared to show in a very clear manner the operation. 
' of a projector. If the reader imagine the crank A, turned 
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Fic. 7, 790 —~Elementary moving picture machine without case showing essential parts ar- 
- ranged to illustrate plainly the motion system. 
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unter clockwise he will have no difficulty in tracing the 
ovements of the various parts. 


The diagram does not represent any particular machine but is intended 
to give a clear idea of how the film is fed across the film gate intermittently 
and the synchronous operation of the shutter whereby the light is cut off 

| from the screen during each movement of the film, with alternate ‘‘on’’ 
+ intervals while the filmis at rest. 


The operation of the projector is briefly as follows: 


By turning crank A, in fig. 7,790, counter clockwise, the main shaft B, 
is driven through the 4 to 1 reduction chain drive D, a steady turning 
motion being caused by the fly wheel C, this in turn operates the upper 
steady feed sprocket E, through the 4 to 1 reduction gear F, thus the 
teeth of E sprocket which mesh with the perforations in the film, feed 
the film at a constant rate, the film being held against E by pressure 
roller G. A film loop or length of loose film is thus maintained between E 
and the steady drum H. 


The film is fed past the film gate intermittently by the intermittent 
sprocket I, operated by the Geneva movement K, the latter producing 
a quick quarter turn of I, followed by a relatively long rest during which 
the main shaft B, makes one revolution. 


The-barrel shutter L, by a 2 to 1 gear with the main shaft and proper 
timing, operates to cut off the light rays from the screen during each move- 
ment of the intermittent sprocket I, and to admit the light during the 
intervals that I remains stationary. The synchronous operation of the 
intermittent sprocket and the shutter is very clearly shown in the diagram. 


_ A lower steady feed sprocket M, which operates at the same speed as 
the upper sprocket E, maintains a lower feed film loop N, and feeds the 
film to the lower reel O. Because of the increasing diameter of the roll 
of film due to winding the film on reel O, the velocity of rotation of O 
must be allowed to vary; this is accomplished by means of the belt drive 
P, the belt permitting slippage below the maximum speed. IJé should be 
carefully noted that the total revolutions made by each of the three sprockets 
E, I, and M, is the same, the only difference being that the motion of E 
and M 1s constant while that of I is intermittent. 


The object of the upper and lower feed loops is to lessen the inertia of 
the film by reducing the length of film subject to the sudden intermittent 
motion. 
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The film gate guides the film so as to prevent any lateral motion, flate 
tens the film and by frictional resistance prevents the momentum of th 
film causing any up and down vibration. 
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The Intermittent Movement.—Various devices have been 
introduced for.producing the intermittent movement necessary 
in projecting motion pictures. The movement consists essen- 
tially of an intermittent sprocket and intermittent gear. 


The sprocket is a cylinder with teeth at each end, or for very light con- 
struction, it may consist of two hubs provided with teeth and properly. 
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Fics. 7,792 to 7,796.—Simplex gears. The bevel and intermediate gears are made of formica, 
which material absorbs noise and damps the ring of metal gears. 
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spaced on a shaft to take the film. . The teeth mesh with perforations in the 
film and thus secure a positive movement. 


Of the various intermittent movements, the Geneva is extensively used 


and easily understood. Its operation is shown progressively in figs. 7,799 
to 7,804. 


The nature of the motion is as follows: 


| 1. Begins slowly (fig. 7 ,800), 





‘Fic. 7,797.—Simplex film trap. It has a felt runner type of tension shoe. The film guide 
may be removed from the mechanism by giving it a slight upward thrust; this permits ease 
and free access to all parts of the trap and door for the purpose of cleaning away emulsion, 
dust or dirt. Film trap is equipped with a slide in mask which eliminates the projection 
of the sound track to the screen. By slipping this mask in or out as desired, silent, sound 
on disc, or sound on film prints may be properly projected at will: A gate locking device also 
forms part of this assembly. This assures the projectionist that once the gate is closed 
it will remain locked in position during the projection of pictures. The gate may be re- 
leased by a slight pressure of the finger when pressing on the opening device to which the 
lock is attached. The fire shutter is of the gravity type. 


‘+ Fic. 7,798.—Simplex center frame. 


2. Accelerates to a maximum at the mid position (fig. 7,801) 
3 and 


3. Gradually slows down to zero (fig. 7,802). 
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Light for Projectors.—Both arc and incandescent lamps are 
used to produce illumination for motion picture projection. 
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Fics. 7,799 to 7,804.—Operation of Geneva movement shown progressively. It consists of 
a maltese cross M, and a disc S, provided with a pin F, and circular guide G. In operation, 
the pin disc S, is in continuous motion and the pin is so located that it enters one slot of the 
cross M and carries it along with it, thus causing one-quarter revolution. The circular guide 
G, is cut away sufficiently to allow the cross to make a quarter revolution, but when it reg- 
isters with the cross it holds the latter securely until the pin rotates around to the next slot. 
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Fic. 7,805.—Simplex take-up device. Jt is driven from the main driving gear, thus bal- 
ancing the entire mechanism and equalizing the strain on the main driving shaft. The unit 
is adjustable for any desired tension. Two grooved pulleys are furnished permitting the 
use of reels with either 2 in. or 5 in. hubs. 
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1 Fics. 7,806 to 7,811.—Construction details of Simplex film gate. It is made of machine steel, 
the lugs securing the gate to the holder being electrically welded. Fig. 7,806 represents 
milled surfaces. The film trap shoes (figs. 7,805, 7,810), are of steel ground on both sides 
and beveled (fig. 7,806) to permit sliding into the dovetail slots (fig. 7,809). The lateral 
guide rollers (fig. 7,810 and 7,811) are of steel hardened and ground; the film cannot pass 
the guide rollers unless it be set between the two. If it should not be, it automatically 
rights itself. The distance between the rollers is adjustable by a set collar (fig. 7,811). 
The gate (fig. 7,810) is opened for threading by a light inward pressure on a thimble (fig. 
7,811), and is closed by releasing the film trap door trip lever (fig. 7,810). Thus, in thread- 
ing, there are only two operations: one to open, and one to close the gate. The intermittent 
sprocket tension shoe is made of ten pieces of hardened tool steel. The two inside shoes are 
offset and do not touch the film. The cooling plate (fig. 7,811) is made of two pieces of 
sheet steel separated 14 inch, which arrests the heat by radiation and protects the fire shutter 
and aperture side of the film trap. The air space between the film trap is 4% inch. 
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In the old type arc, light is produced by passing an electric current acrg 
an air gap between two carbon electrodes, theteby heating the tip of one 
the carbons, the positive, to bright incandescence. ‘The resulting, sligh¢ 
concave, bright spot constitutes the principal. light source. 





Fic. 7,812.—Hall and Connolly high intensity arc burner. Jt consists essentially of a combina- 
tion tilting and swiveling stand upon which, but electrically insulated therefrom, is mounted 
an upright bracket casting carrying the lamp frame proper. TheJamp frame carries a long 
spline shaft and a threaded shaft along which ride the positive Carbon holder carriage with its 
rotating gears and carbon clamp. The threaded shaft advances the carbon carriage at the 
same time that the carbon holder and clamp are being revolved in the carriage. At the front 
of the lamp frame is a locating V recess in which rests loosely a half round carbon contact of 
ample surface and weight. In this contact the carbon slides and rotates under pressure from 
another contact resting on top of the carbon held down by a spring and lever. The carbon 

Carriage is provided with a quick release from the worm drive for quick retrimming of the 
carbon. The length of travel of the carriage is sufficient to give 22 minutes of continuous 
burning at normal amperage. The positive carbon contacts are shaded from the heat of the 
arc flame by means of insulated, laminated shields made of heat resisting non-corrosive metal. 
The negative carbon unit consists of a pivoted self-aligning carbon clamp carriage sliding on 
two substantial rods or guides, the upper ends of which are rigidly attached to the guide head 
casting, which in turn is attached to, but properly insulated from, the same bracket casting 
carrying the positive unit. The guide head casting has a V recess into which the carbon is 
held and slides under tension of a tungsten spring located underneath the pivoted carbon 
holder carriage. The pivoted carbon holder and the V shaped guide head insure constant and 
correct alignment with the positive carbon and at the’same time give to the copper coated 
negative a good wiping contact. Feeding motion is imparted to the negative carbon through 


a connecting rod coupled to a nut traveling on a long threaded shaft located on the back of the 
burner away from the direct heat of the arc. 


Fic. 7,816.—Optical train with incandescent lamp using Bausch & Lomb Cinephor condenser. 
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In the high intensity arc, light is similarly produced by 
assing a heavy current across an air gap between two elec- 


codes, but the position and composition of these electrodes 
‘re different. 








Used (110°) 
Used (40°) Used. (72) 
Ics. 7,813 to 7,815.—Comparison of arc and incandescent lights. The crater of the arc emits 
light only forward. With such a distribution the 10 in. or 12: focus plano condensers and a 
1% in. diameter projection lens collect and utilize practically all of the light. The incan- 
descent lamp emits light very nearly equally in all directions. Obviously, if the incandescent 
lamp be simply substituted for the arc, only a small portion of the total light emitted 
will be used as in fig. 7,813. Accordingly, in order to intercept more light, a much shorter 


: focus condenser must be used. At first, a single piece corrugated condenser was used as in 


fig. 7,814 and later a triple lens aspheric condenser as in fig. 7,815. Such condensers pick 
up a solid angle of light of about 110°, as against 40° for the old plano condensers. In order 
to utilize the light which is given off to the rear of the lamp, a spherical mirror is placed be- 
hind the bulb, and so adjusted as to reflect an image of the filament coils back between the 
coils themselves. Thus instead of the 60° picked up in the arc system, we are utilizing the 
equivalent of 220° of solid angle. It is very important that the spherical mirror be accur- 
ately adjusted, in order to secure the best results. 
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The positive is made up of rare earths, the principal one of which is ceriugt 
fluoride, and this rod of luminescent, arc sustaining material is encased ing 
thin shell of carbon. The negative consists of a copper coated heavy carbag 
shell surrounding a flame sustaining core. The negative electrode is pow 
tioned at an angle varying from 20 to 45 degrees according to the servi 
for which the particular burner is intended 


The current in passing across the air gap is concentrated in the core of thp 
positive, causing great current density at this point. The core burns away 
more rapidly at first than the carbon shell, thus forming a cup sha 
cavity more than 3% of an inch in depth, tapering down from about 34 





Fics. 7,817 and 7,818.—The standard arc lamp reflector, when used with an incandescent lamp, 
redirects but a small part of the available light through the condenser. Good results with 
incandescent lamp projection necessitate not only the proper equipment, but also very 
accurate adjustment of the various elements of the optical system. 


diameter of the shell at the rim to about the diameter of the core at the 
bottom. In this cup or crater the luminescent gases from the core are gen- 
erated and superheated, giving rise to tremendous temperature. These 
gases are the light source in the high intensity arc. This method of producing 
light is made possible by using sufficient current density, a special positive 
electrode of suitable structure and composition, by placing the negative 
electrode so that the arc stream is projected against the face of the crater 
to confine the positive gases, and revolving the positive carbon in order to 
prevent the rim of the crater burning away unevenly and letting the gases 
escape too rapidly. 


The brightness of the old type arc is about 140 candle power 
per square millimeter of crater surface. 

The brightness of the new high intensity arc may be forced 
to well above 900 candle power per square millimeter of crater 
surface 


Motion Picture Projectors 4,841 


Fig. 7,812 shows the gear and mounting of a high intensity 
ATC lamp. 

The construction and operation of a modern projector 1s 
-hown in fig. 7,821. 


Referring to illustration, the pedestal, carriage, adjustable support and 
base, constitute a single symmetrical unit. The stand rests on six leveling 
points and the projector is not attached to the floor or fastened to the 
—_— 





: Fics. 7,819 and 7,820 ieee of Mazdalamps. Fig. 7,819 shows a 28-32 volt, 900 watt, 
and fig. 7,820 a 1,000 watt Mazda projection lamp. The lower voltage lamp, on account of 
the shorter length-of filament and its lesser liability to squirm when heated, has the desirable 
factor of greater filament concentration. Reason for low voltage: It is characteristic of 
tungsten filament that the higher the voltage, the smaller in diameter the wire must be, and 
the more it will squirm when it is heated and cooled. If 110 volt lamps were used the filament 
could not be concentrated into so small an area nor could it be run at quite so high a temper- 
ature. The greatest filament concentration possible, with the low voltage high current lamp 
is, therefore, the prime reason for its use. The useful size of light source is limited by the 
optics of the projector. The lens system will pick up light from a limited area and any light 
outside of this area is of no avail. 


The underslung motor table O, 1s close to the base and the motor is 
accessible for oiling or regulating. It can be raised or lowered on its sup- 
porting rod by loosening two wing screws. The position of the motor on 
the stand is an important factor in eliminating vibration. 


To tilt the projector, release locking handle. A, attached to rear adjust- 
able support, by turning it to the left, loosen pedestal adjustment locking 
nuts B and C, and pedestal adjustment hand wheel D, can then be turned 
with either hand to give desired angle. Micrometer adjustment can be 
made by means of the hand wheel, and compression springs E, on rear 
adjustable support make this extremely comfortable. When A, B, and C, 
are again locked, the projector is held rigidly in the proper position. 
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The lamp house can be placed in position for slides by loosening kx 
F and G, firmly grasping slide over arm handle H, and drawing it to the. 
for the correct placing. Lamp house carriage K, turns on lamp house p 
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I'ic. 7,821.—Model M, Simplex projector. 
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N, and at G, and slides over lamp house carriage rod I, and rear adjustable 


..support. When F and G, are again locked, lamp house carriage K, is held 
‘rigidly in position. 


The rear adjustable support consists of an upper fork Q, two rods R, and 
‘a lower fork S, swings on the pivot casting T. When the locking handle A, 
:> operates, 1t releases a powerful friction lock, and support rods R, are free 
«; to slip through the lower fork S. When the locking handle A, is released, 
} the adjustable support ceases to act and hangs idle from the swinging table. 
. When locked the rods and two forks constitute a structure that firmly con- 
* nects the swinging table to the base. The 100 ampere switch and switch box 
. are attached to the rear adjustable support. There is a foot motor switch 
' U, for starting and stopping the projector and the 4 in. opening V, is pro- 
' vided in the base for installing a condulet. 


TEST QUESTIONS 


1. What is the function of a motion picture machine or 
projector? 


2. Of what does a motion picture projector consist? 


3. Draw an elementary diagram illustrating how a pro- 
jector works. 


4. Describe the construction of the intermittent movement. 


5. What is the nature of the motion due to the intermittent 
movement? 


6. What is a take up device? 


4,844 Motion Picture Projectors 





7. Give construction details of the film gate. 
8. How does a high intensity arc burner work? 


9. Give comparison of arc and incandescent lights. 
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CHAPTER 193 


Projector Operation 


‘1In the operation of projectors it should be noted especially 
‘aat for continued perfect service cleaning and oiling are es- 
‘wmtial. The projection lens, the condensing lenses, and the 
‘urror reflector should be thoroughly cleaned frequently. 
‘tnling instructions should be carefully followed. The aperture 
late and film gate collect a gummy substance especially from 
“esh film. ‘This must be cleaned off to maintain the neces- 
‘arily smooth surface for the film to ride upon. 





Oiling.—Selecting the Super Simplex projector for illustra- 
sion it will be noted in fig. 7,822 that all the bearings in the 
srame are reached by means of oil tubes A. 


- There is one bearing C, which has a direct oil hole on the side of the 
apparatus for lubricating the rear bearing of the shutter shaft. Do not 
overlook this hole in oiling. 


The one oil tube which is not immediately visible is that which carries oil 
directly into the intermittent case and there is no wick in this particular 
tube. The method of oiling this is explained in fig. 7,822. 


There are other minor oil holes which should receive oil occasionally, two 
which provide lubrication to the bearings of the film gate opening shaft, one 
which provides lubrication to the rear bearing of the frame shaft and two 
which provide lubrication to the bearing of the shutter adjusting shaft. The 
latter oil holes will be found under the framing lamp assembly. The only 
other oil hole on the mechanism is the one supplying oil to the outer bearing 
of the intermittent sprocket which is oiled through the ball oil cap D, fig. 
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7,823, in the same manner as in the old type Simplex mechanism with double 
bearing movement. 


Of course, a small drop of oil should occasionally be placed on all slipping 
and sliding parts in order that they may work freely at all times and also on 
the gear teeth so that the mechanism may operate smoothly. 
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Fic. 7,822.—Super-Simplex oiling system. Oil intermittent casing as follows: Set the 
framing handle to the position which brings the red line on the oil sight to a horizontal 
position; in the shutter shaft support casting E, just above the fly wheel of the intermittent 
movement, will be found a window or hole milled through the casting through which can 
be seen a portion of the shutter shaft. Just in front of the shutter shaft is the oil tube B, 
leading to the intermittent casing. This oil tube can be reached in one position only; this 
position is obtained by moving the framing handle as before directed. Enough oil should 
be inserted through this tube to bring the level in the oil case up to the red sight line, and 
no more, when machine is level; use judgment when projector is not level. 


Sound Aperture and Picture Centering Device.—The Super 
Simplex projector is supplied with the vertical sliding aperture 
plate in which are two standard apertures, one having the 
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andard dimensions for straight silent film projection, .906 x 
795, and the other having standard dimensions for sound 
m projection .800 x .6795, or the proportional aperture, .800 
‘607 for the projection of sound film to give a screen picture 


a 
BI Raw <e 


»* . ¥ 
; petri artes ne 
NORA I POT FO % ) eee a es PAPI Sen tik % 


» a; Ne Dy x 


2 
Ye Fok 


mS, 


OS ORS iS SAREE & 50.0205 ee > Sek Mime Bok 





ye ) 
me, NOTE THIS STUD IS 10 
RECEIVE THE IDLER ROLLER 
. SPINDLE USED IN CONNECTION 
ee epee WITH WESTERN ELECTRIC 
eb Sea, |%, SOUND SYSTEM. STRIPPER PLATE 
cs | . SHOULD BE REMOVED WHEN 
IDLER ROLLER 1S SUBSTITUTED. 







Fic. 7,823.—Super-Simplex projector; view showing aperture plate, outer bearing of inter- 
mittent sprocket, etc. 
of the same dimensions as obtained with the standard silent 
projection aperture. 
With the use of this latter aperture it is necessary to change to shorter 


focal length lenses and this can be done in the Super Simplex as is explained 
under Method of Mounting Lenses. 


Aperture Plate.—This plate E, fig. 7,823, slides vertically 
-behind the film tracks on the film trap. In its upper position 
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it carries the standard silent film aperture. When slipped infy} 
the lower position it carries the standard sound film apertues 
or the standard proportional aperture, depending on which wis | 
ordered with the projector. 


When using the standard sound film aperture or the proportional ape 
ture it is obvious that the lens mount with relation to the center of the aper- : 
ture is off center, due to the masking of the sound track, and, therefore, | 
throws the picture to one side on the screen. | 


On the front and top of the lens mount, outside of the mechanism, fg. 
7,824, will be found a lever A, which may be thrown laterally from left to | 
right. In the position shown the lens is accurately centered on the standard | 
or proportional sound film aperture, and thrown over to the left position it , | 
will be centered for the standard silent or disc aperture. — 


Stops B, are provided on this adjustment so that the length of its —— 
may be pre-determined in order that the lens may also come into the cor- | 
rect relation with the projection apertures and the projected picture; these 
stops fetch up against the stationary stop shaft C. 





Just within the glass door of the mechanism 1 in the upper right hand cor- 
ner, see P, figs. 7,823 and 7,826, will be found a lens holder lock screw. This. 
screw is attached to a clamp provided in order that the lens centering lever 
may, if desired, be locked in fixed position and also to apply a slight tension 
that eliminates vibration of the lens centering unit. 





Revolving Shutter.—The construction of this detail is shown 
in fig. 7,825. The method of setting the shutter is explained 
in the illustration. 


Eye Shield.—This device, which protects the projectionist’s 
eyes from the bright rays from the spot at the aperture, is en- 
closed and the colored glass therein may be removed for clean- 
ing by loosening screw G, in fig. 7,823. 


This eye shield together with the framing and threading lamp are attached 
by means of screws to the front section of the shutter guard. A slot H, fig. 
7,823, is provided in the eye shield assembly just behind the aperture, so 
that change over devices using an aperture cut off may be readily adapted. 
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Threading and Framing Lamp.—This lamp shown at D, 
t, 7,824, directs a strong beam of light up behind the.eye 
deld to the aperture and by this means it is possible for the 
‘ojectionist to place the film in frame readily while threading 
ie projector. | 


A small switch F, is provided by means of which the lamp may be thrown 
‘ onor off at will. The framing lamp assembly is connected by armored cable 
' to any convenient source of 110 volt supply. 


¢ 8B A 





Fic. 7,824.—Super-Simplex projector; view showing adjusting lever, threading and framing 
lamp, etc. To replace lamp: Loosen screws which hold switch assembly and lamp socket 
in lacquered barrel; the entire assembly may then be removed and lamp readily replaced. 
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Gate Opening, Framing and Shutter Adjusting Knobs. 
These knobs are plainly visible on the projector and very litt 
need be said with regard to their operation. These knobs % 
shown in figs. 7,823 and 7,826 and explained in fig. 7,826. © 
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Fic. 7,825.—Super-Simplex projector; view showing revolving shutter. To set: Bring the 
intermittent sprocket from rest down two teeth, using the lower end of the film shoes as 
a guide; then set the center of the shutter on the optical axis, locking it in this position. 
Care should be taken to see that the throw of the shutter adjusting screw C, fig. 7,823, is 
set centrally in order that the shutter may be‘adjusted in both directions if it be not set at 
exactly the proper position on the shaft. The entire shutter may be exposed by removing 
the front shutter guard. This is accomplished by removing the three nuts and washers D. 
fig. 7,825, and slipping the front shutter guard from its supporting studs. 


Lens Mount.—This device will support any type S of M.P. 
standard lenses. The lenses are held firmly in place by means 
of two lens clamps, one within the projector mechanism G, 
fig. 7,826, and one H, on the outside on front of the mechanism. 
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Half size Ross lenses may be accommodated but it will be found that in 
many focal lengths the large barrel diameter K,. fig. 7,827, is several thou- 
_sandths of an inch below the American standard, and where this discrepancy 
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Fic. 7 ,826.—SuperiSimplex projector view showing gate opening, framing and shutter adjust- 
ing, knobs, lens mount, etc. The film gate knob A, (also A, fig. 7,823) controls both the 
film gate latch and the gate opening device, and it is turned about a quarter turn to the 


left as indicated by the arrow thereon to open the gate. When the gate is opened, upon 
being released by lever F, (fig. 7,823) it both closes and latches readily. When the gate 
is closed, it should be closed gently and a slight pressure of the finger given it in order to 
make sure that it latches property. The framing handle B, (also B, fig. 7,823) is so mounted 
upon the shaft that when the word frame is read in a horizontal position, as indicated, the 
framing device is centrally located, allowing approximately the same throw to right and left 
for framing purposes. The shutter adjusting knob C, (also C, fig. 7,823) is connected through 
the gear train and shafts to the shutter shaft and turning it in either direction will revolve 
the shutter shaft to the right or left respectively, so that the shutter may be accurately 
set with the projector in operation after it has been temporarily set and locked on the shutter 

- side. Care should be taken to see that an equal amount of throw is allowed in the shutter 
adjusting mechanism when the shutter is locked upon the shaft. The lens focusing knob K, 
(also K, fig. 7,823) projects out through the front of the mechanism and is of the micrometer 
type. Cne complete turn of this knob moves the lens mount forward or backward approxi- 
mately .C40 ins., depending upon the direction of its rotation. 
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is discovered it will be necessary sometimes to use shims simular to 
shown at D, fig. 7,829, in the front clamp H, fig. 7,826. 


Method of Mounting Lenses.—This operation should 
done as follows: Set the focusing nut E, fig. 7,826, centrally 
the focusing thread D, by turning the focusing knob K. Loose 
the lens clamp screws F and J, fig. 7,826. Slip the rear le 


adapter B, fig. 7,828 (if one be necessary), over the rear com 
bination lens without clamping it on the barrel, as shown in 


aes 








Fics. 7, 827 to 7 830. —Super-Simplex lens adapter parts. 


fig. 7,835. Slip the lens in through the front of the lens mount 


and bring it into approximate focus by sliding it back and 
forth in the mount. 


When in focus, slightly tighten the front lens clamp screw J, fig. 7,826, so 
that the lens will not slip. Slip the rear lens adapter B, fig. 7,835, along the 
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‘IGS. 7,831 to 7,834.—“Threading”’ a typical motion picture machine. Fig. 7,831 illustrates: 
the method of threading the film through the film trap by forming the upper loop with the 
second finger of the left hand and gripping the film below the intermittent sprocket with 
the first finger. Fig: 7,832 illustrates how the film is threaded through the film trap by 
forming the upper loop with the second finger of the left hand and gripping the film below 
the intermittent sprocket with the first and third fingers of the right hand and closing the 
film trap gate by tripping the film trip lever with second finger. Fig. 7,833 illustrates the 
method of forming the lower loop, threading the film over the lower feed sprocket and 
closing the lower feed sprocket roll arm by a downward pressure with the first finger of the 
right hand. The film is then inserted through the fire valve by means of the slot in the 
base of the mechanism and is then fastened on to the lower reel so as to rewind to the right. 
Fig. 7,834 shows the machine completely threaded from the top reel to the feed sprocket 
through the film trap and on to the lower feed sprocket and the take up reel. 
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lens until it centers in the rear lens clamp G, fig. 7,826. Loosen the from 


ls 


lens clamp screw J, fig. 7, 826, and carefully remove the lens. Tighten 


clamp screws A, fig. 7,828, so that adapter will then be tightly clamped q : | 


the rear lens combination. The lens is then permanently assembled 


future use and may be accurately focused by the focusing knob in the reg 
way. 


Threading the Film.—The operation of threading the film 7 
an important one and is shown progressively in figs. 7,83! 


to 7,834. 





BC L N 

Fic. 7,835.—Super-Simplex fixed focus clamp. In theatres where proportional size aperture 
plates or effect masks are used, it is necessary to quickly change lenses from one focal length 
to another, and it is essential that each and every lens used in this connection be absolutely 
in focus without adjustment on the part of the projectionist when the change is made. 
Where it is desired to change lenses quickly from one focal length to another this is taken 
care of by means of an auxiliary lens clamp L, (also L, fig. 7,826) which clamps to the lens 


proper by means of screw N.. After the lens is sharply focused, this auxiliary lens clamp 


is slipped over the front end of the lens barrel and brought tightly against the front lens 
clamp as shown at L, in fig. 7,826. — 


Starting the Projector.—After the projector has been prop- 
erly oiled, film properly threaded, framed and adjustments 
made, the following directions (which relate especially to the 
Superior projector) should be observed: 


1. Strike arc by adjusting carbon holders and throwing knife switch. 


i 
| 
| 
| 
| 











4 
@ 


— 


Projector Operation 4,855 





2. Especially on new equipment the star and cam should be eased off 
‘before starting. Instead of accomplishing this by turning the fly wheel as 
)formerly, 1t.1is now done by an adjusting knob located at the front end of the 
}direct motor drive shaft. A slight turn of this knob will serve to ease off 


ithe star and cam and thus allow easy starting, and also save much wear on 
these vital parts. 





‘IGS. 7,836 and 7,837.—Rewinding film on Victor Cine projector. Instructions: Place the full 

reel 1 on the left shaft of the upper reel arm so that the film 2 comes off the reel from the front. 
» and is attached to hub of empty reel 3 asshown. When rewinding by hand loosen clutch knob 
©. by turning to right. If rewinding by motor, rewind belt 4 must be crossed as in fig. 7,837 
> and clutch 5 tightened by turning firmly to right. A film may be rewound while another is 
* showing. Thisis a great convenience when the same film is to be shown more than once during 
any one exhibition. When rewinding by motor it 1s not necessary that the lamp remain 
lighted. Remove plug 6 to disconnect lamp current. Incorrect rewinding on the Victor 
Cine projector is impossible because of an automatic clutch in the take up shaft which pre- 
vents revolving of the spool in incorrect direction: If anew film before projection has been 


wound on the reel incorrectly, inside out, it must be rewound twice, so that the starting end 
is on the outside. 


ee) 


3. Engage motor by pulling or pushing the motor switch located at the 


rear of the cradle and under the lamp house. This can be done from either 
side. 


4. Variation in speed is accomplished by turning speed knobs, located on 
either side to the left or right as occasion requires. Changing speed should 
be done slowly rather than abruptly. 
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5. Crank handle should always be close at hand in case of an emergency; 


Should any trouble develop with transmission continue running of projectog, 
by means of hand crank, immediately disengaging the motor. 4 





Operating Hints.—The following suggestions in the form of 
*‘dont’s’’ will be found of value to the projectionist: 


a 


1. Don’t operate machine with mechanism doors open or unlocked. 


2. Don’t start machine until complete threading course has been 
checked up. 


3. Don’t lift up fire shutter while film is in mechanism and lamp house 
dowser 1s open. 


4, Don’t start machine until picture is in frame. 
_ 5. Don’t use force in driving pins or removing shafts. 


6. In removing intermittent sprocket be careful not to strike it against 
sides of machine. 


7. Don’t fail to examine and test machine before avind each show. It 
will save trouble and is required by regulations ; in some cities. 


8. Don’t start machine with a jerk, but increase the speed after the 
machine is in motion. 


9, Don’t have too much tension on pad or film guide. This causes undue 
wear on the star wheel and intermittent sprocket, and may injure the film. 


10. Don’t let film trap slam after threading, as the film may be thrown off 
sprocket and ruined when machine starts. Place finger against film trap 
and let it close easily. | 


11. Don’t use steel to scrape the emulsion off the film trap and tension 
springs. Use edges of a coin or piece of copper or other soft metal. 


12. Don’t force the machine when it seems stiff. It may need oil or an 
obstruction may have found its way into the working parts. 


13. Don’t forget to re-time or set the shutter after removing the inter- 
mittent case from the machine. 


14. Don’t use graphite in any part of the mechanism. It will not only 
ruin the gears, but will eventually destroy the bearings and entire mechan- 
ism. 


' 15. Don’t use alcohol, benzine, kerosene or turpentine as a lubricant. 
Either Simplex oil or oil of a similar quality is the only machine lubricant 
recommended. 
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16. Don’t use oils “that clean as well as lubricate.” Any oil that is 
powerful enough to eat rust will also eat any of the bearings and shafts. 


17. Don’t fail to give mechanism a kerosene bath at least once a month. 


18. Don’t try to put enough oil into mechanism at one oiling to last a 
week, but use less oil and use it oftener. 


19. Don’t. forget any of the oil holes.. They are there for a purpose and 
every one of them is important. Locate each one of them on the instruction 
plates. : 


20. Don’t fail to oil machine every time before using, particularly the 
intermittent movement—“‘the heart of the mechanism.” 


21. Don’t put vaseline, grease or packing of any kind into the inter- 
mittent casing. 


22. Don’t allow oil to touch friction discs of speed control, if of fibre type. 
23. Don’t fail to keep leather friction disc well oiled. 


24. Don’t use oil on the arc lamp, as it quickly burns off and causes lamp 
to bind. For the arc lamp, use graphite for lubrication. 


25. Don’t fail to keep lenses and condensers clean at all times. 


26. Don’t use a rough cloth or waste to clean these optical units. A piece 
of chamois, linen or soft cloth moistened with ammonia will give the best 
results, and remove all dirt as well as giving a high polish. Use equal parts 
of ammonia and water. 


27. Don’t fail to examine all electrical connections on lamp, rheostat or 
motor. For any electrical device to be efficient all connections must be 
firmly tightened. 


28. Don’t allow water or any dampness to penetrate the rheostat or 
motor. 


29. Don’t fail to keep the commutator and brushes on the motor per- 
fectly clean. 


_ 30. Don’t allow the brushes to wear down too low or commutator will 
- become pitted and the motor will lose speed and be ruined. 


_ 31. Don’t hold the idler pulley to slow up on titles, as this imposes a 
. Strain on the motor. Use the speed control. 


32. Don’t fail to oil the armature shaft frequently. 
33. Don’t neglect the arc lamp connections. High amperage eventually 


chars the asbestos lead nearest the lamp. and efficiency requires that a 
new connection be made every week. 


4,858 Projector Operation 











Fic. 7,838.—Threading the Simplex projector. First see that a loose length of approximately 
five feet of film is left hanging from the loaded reel, which reel is placed into the upper ee) 
zine in such a position that the film will feed into the mechanism from the top of the reel, and 
with the dull or emulsion side of the film facing the lamphouse. The five foot length of film is 
necessary to provide sufficient length for threading, forming of loops, and still leave enough! 
to make several turns around the lower empty reel to insure its security. Now feed the edge 
of the film into the slotted section of the magazine roller valve, and fasten the door of the 
magazine. Then open up guide rollers A and D as well as the film gate. The film gate is 
opened by pushing against plunger B until gate is fully opened, when it automatically locks 
itself into open position. Now pass the upper section of loose film under the upper feed 
sprocket, making sure that sprocket teeth engage accurately with film sprocket holes. This 
is ascertained by passing finger lightly over engaged teeth, and making sure that teeth pro- 
trude through sprocket holes. Then close roller A and pass remainder of film over top of gate 
and see that both edges of film are squarely between the two circular film guides. Now with 
the index finger of left hand raise the loose film so that a loop as here shown will be formed. 
Then, making sure that film is squarely located upon film tracks, bring the film around under 
side of intermittent sprocket, and while holding index: finger of left hand in the upper loop, 
maintaining a slight upward pressure against the loop, trip the catch marked C with the 
index finger of the right hand, which operation will close and lock the gate in operating 
position. 


NOTE.— Warning.—When catch C in fig. 7,838 is released there is a tendency for the gate, 
released of its confinement, to shoot suddenly toward film, so it is advisable to retard this sudden 
momentum by a slight pressure of the hand against it. 
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34. Don’t use oil or grease on lamp joints or rods. Use a little powdered 
graphite at the joints. gs 


35. Don’t allow carbon dust or other dirt to accumulate in the lamp- 
house. A small pair of hand bellows will blow out all dust. 


36. Don’t have any loose contacts or burnt asbestos leads on the lamp. 
Burnt or broken leads mean trouble while machine is in use. 


37. Don’t try to get good results with poor carbons. 
38. Don’t try to get good results with dirty or pitted carbon jaws. 


39. Don’t remove pins from intermittent sprocket without proper sup- 
port for sprocket. 


40. Don’t attempt delicate intermittent repairs without proper tools. 


41. Don’t adjust take up tension spring too tightly. Too much tension 
wears sprockets and damages film. 


42. Don’t run machine with magazine doors open. 


43. Don’t allow cold air draught from fan or other sources to blow into 
lamp house. Such draught will invariably result in condenser breakage. 


44. Don’t put foreign or home made attachments of any kind upon 
machine without consulting the builders. 


45. Don’t screw up condenser rings and holders too much. 


46. Don’t fail to wash sprocket teeth at least twice a week with stiff 
bristled tooth brush dipped in kerosene. 


47. Don’t fail to keep aperture plate clean. 


48. Don’t fail to keep film loops as small as possible. Large loops are 
noisy and unnecessary. 


49. Don’t fail to close lamp house dowser if film breaks. 
50. Don’t fail to match “O”’ marks when replacing gears. 


NOTE.—After making sure that the film is safely confined between the sides of the inter- 
mittent guides, form the lower loop as in fig. 7,838 and place film over the lower sprocket teeth, 
making sure of its engagement with the teeth; then close down roller D and feed film edgewise 
into lower magazine slot. A sufficient length of film is left, the end of which is fastened into reel 
clip of the empty reel in the lower magazine and the slack between the reel and the lower sprocket 
is taken up by making several turns with the empty reel, thus tightening up the film, which is 
now ready for action. 


NOTE.—Before running machine it is necessary that all doors of the mechanism be closed 
and locked, as the Simplex is so designed that the film is best safeguarded against fire or damage 
when the mechanism is entirely enclosed. 
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51. Don’t fail to remove oil box complete when adjusting intermittel ; \ 
sprocket. | 2 | 


52. Don’t fail to keep pad rollers adjusted to one thickness of film. 
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Fic. 7,839.—Splice in frame. The picture C has four holes at the side, just as have the pictures 
A, B, D, E, etc., and when that film is passed through the film gate and intermittent acco | 
anism, the framing will be preserved, because mechanically the film is the same in distri«: 
bution of pictures and of sprocket holes as though no splice had been made. The difference 
is found in the ‘‘jump’”’ of the pictures when one or more pictures have been omitted, one 
the “‘frame’’ will not be disturbed as the splice passes. | 


Fic. 7,840.—Splice out of frame. The picture C has but three holes at the side. Hence, when 
the picture B is pulled out of the film window and C is pulled in, the intermittent sprocket 
pulling down four holes will pull into the film window the three-quarter picture C, and also 
the top quarter of the whole picture D. At the next shift, the intermittent sprocket pulls 
down another four holes, pulling into the film window the remaining three-quarters of D, 
and the top quarter of E, etc. This continues until the operator notices the screen and 
frames with his lever. This is called a splice ‘‘out of frame’’ because the splice throws the 
picture out of frame in passing. 
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53. Don’t bend the intermittent guide apron. To do so may result in 
: gerious film damage. 


~ 54, Don’t forget to oil the take up spindle. 
55. Don’t fail to oil the pad rollers. 


56. Don’t fail to see that all pad rollers are turning when machine is in 
action... | | 


How to Splice Film.—Cut one end on the line between pic- 
sures and cut the other end with a quarter picture on; thus in 
eutting a film there will be three quarters of a picture cut out, 
‘i picture and three quarters, etc. Moisten the gelatine on the 
‘juarter picture and scrape it clean, also scrape the celluloid 
side of the other end clean. Spread cement on the cleaned 
Quarter picture space and fit it on the back of the other end, 
sticking the two ends together with the picture lines matching 
rand the sprocket holes matching. Cut either through a sprocket 
‘ole or midway between sprocket holes straight across the film. 


TEST QUESTIONS 


a 


What are the two principal requirements for maintain- 
ing a projector in perfect condition? 

Give full directions for oiling. 

. Describe the picture centering device. 

. How does the aperture plate work? 

. Explain method of setting revolving shutter. 

. How is the eye shield arranged? 

. What is the object of the threading and framing lamp? 

. Explain the manipulation of the gate opening; framing 
and shutter adjusting knobs. 
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9. 
10. 


11. 
12. 
13. 
14. 


How are lenses mounted? 


Describe in detail the operation of threading a typid 


motion picture machine. 
Describe how the projector is started. 
Describe the operation of rewinding the film. 
Give 56 operating hints. 
Explain in detail how to splice film. 
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CHAPTER 194 . 


Physics of Sound 


‘| Production of Sound.— When air 1s set in vibration by any 
leans, sound 1s produced provided that the frequency of vibra- 
“on 1s such that it 1s audible. If a violin string in tension be 
‘lucked, as in fig. 7,841, 1t springs back into position, but due 








+ Fic. 7,841.—Sound produced by vibration of violin string, 
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to its weight and speed, it goes beyond its normal position, 
oscillates back and forth through its normal position, and grad-:' 


ually comes to rest. These vibrations produce sound. 


As the string moves forward it pushes air before it and compresses it, also | 


air rushes in to fill the space left behind the moving string. In this way the 


air is set into vibration. Since air is an elastic medium, the disturbed por- | 


tion transmits its motion to the surrounding air so that the disturbance is 
propagated in all directions from the source of disturbance. 
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Fic. 7,842.—Generation of sound waves by the rapid oscillation of a light piston. As the 
piston oscillates the air in front of the piston is compressed when it is driven forward, 
and the surrounding air expands to fill up the space left by the retreating piston when it 
is drawn back. Thus a series of compressions and rarefactions (expansion) of the air is the 
result as the piston is driven back and forth. Due to the elasticity of air, these areas of 


compression and rarefaction do not remain stationary but move outward in all directions, 
as shown. 


If the string be connected in some way to a diaphragm such as the 
stretched drum head of a banjo, the motion is transmitted to the drum. 
The drum, having a large area exposed to the air, sets a greater volume of 
air in motion and a much louder sound 1s produced. 


If a light piston several inches in diameter, surrounded by a suitable 
baffle board several feet across, be set in rapid oscillating motion (vibra- 
tion), as in fig. 7,842, by some external means, sound is produced. 
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Propagation of Sound .—If the atmospheric pressure could be 
jyeasured at many points along a line in the direction in which 
he sound is moving, it would be found that the pressure along 
ine line at any one instant varied in a manner similar to that 
thown by the wavy line of fig. 7,842. 


To illustrate if extremely sensitive pressure gauges could be set up at 
several points in the direction in which the sound is moving it would be 
found that the pressure varied as indicated in fig. 7,843. 


“.71G. 7,843.—Diagram illustrating pressure variations due to sound waves. It should be 
noted that the type gauges shown, register pressure above atmospheric when the pointer 
moves to the right of the vertical, and vacuum or pressure below atmospheric when it moves 
to the left of the vertical. 


<- PRESSURE 


VACUUM 


Again, if a pressure gauge be set up at one point and the eye could follow 
the rapid vibrations of the points it would be found that the pressure varied 
at regular intervals and in equal amounts above and below the average 
atmospheric pressure. The eye, of course, cannot see such rapid vibrations, 
but it can see wave motion in water, however, which is very similar to 
sound waves with the exception that water waves travel on a plane surface, 
while sound waves travel in all directions. 


In the case of water as a medium for wave propagation, if 
ta pebble be dropped into a still pool, as in fig. 7,844, and start- 
ing at the point where the pebble is dropped, waves will travel 

‘¢ outward in concentric circles, becoming lower and lower as 
{thev get farther from the starting point, until they are so 
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Fic. 7,844.—Effect of throwing a stone into still water; it produces waves which travel out- 
wardly in expanding, concentric circles from the point where the stone enters the water 
or point of disturbance. | 


SOURCE OF WAVES—————3>0 REFLECTED WAVES 
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Fic. 7,845.—Reflection of waves from a plane surface. 
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If the pond be small it will be noticed that the waves which strike the 
shore will be reflected back. If the waves strike a shore that is parallel 
with the waves, they will be reflected back in expanding circles, as in 
fig. 7,845. 


If the waves strike a hollow or concave shore line as in fig. 7,846 the 
‘reflected waves will tend to converge (focus) to a point. 
Comparing water and air as media for wave propagation, 
ater waves travel in expanding circles and air waves in ex- 
nding spheres. 
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“1G. 7,846.—Reflection of waves from a curved surface. The solid lines show the direction 
) of the original waves and the dotted lines show the direction and focusing of the reflected 


' waves. Focusing of waves results in their reinforcement, which may cause them to build 
up to considerable proportion at one point. 


Sound waves are reflected in a manner similar to water waves, causing 
echo and reverberation. If the sound waves focus at a point, loud and 
dead spots are produced. : 


Wave motion has certain definite characteristics and these 
characteristics determine: | 


1. Loudness; 
2. Pitch; 
3. Tone. 
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Loudness.—By definition, loudness is relatively high intensity 
of sound. Loudness (or amplitude) is determined by the 
amount of difference in pressure between the maximum com- 
pression and the maximum rarefaction. - This corresponds in 
water waves to the vertical height of the crest above the trough 
of the wave. Loudness is illustrated in fig. 7,847. 





Fic. 7,847.—Properties of wave motion illustrating what causes loudness of tone. 


Pitch or Frequency.— Any one of a series of variations, start- 
ing at one condition and returning once to the same condition is 
called a cycle. Observe some point on the surface of the water 
in which waves exist and it will be noticed that at this point 
the water will.rise and fall at regular intervals. At the time 
at which the wave is at its maximum height the water begins 
to drop, and continues until a trough is formed, when it rises 
again to its maximum height. Accordingly, all the variations 
of height which one point on the surface of the water goes 
through in the formation of a wave, is a cycle of wave motion. 
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‘The number of cycles a wave goes through in a definite interval 
tame ts called the frequency. Therefore the number of times 
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| Fic. 7,848.—Musical pitch chart for piano, voice and various instruments. This chart represents 
the relation between the musical scale and the piano keyboard, giving the frequency of each 
note in terms of complete vibrations, or cycles, according to the standard used in scientific 
work such as the scientific scale based on middle C at a frequency of 256 cycles. The piano 
keyboard covers nearly the entire range of musical notes and extends from 26.667 cycles 
to 4,096 cycles. The piccolo reaches two notes beyond the highest note of the piano. The 
extreme organ range, not shown on the chart, is from 16 cycles to 16,384 cycles, scientific 
or physical pitch, as it is usually called. Music seldom utilizes the full keyboard of the 
the piano, the extremely high notes and extremely low notes being seldom used.:- Therefore 
a reproducing device which reproduces all frequencies from 50 to 4,000 cycles would be 
satisfactory in reproducing musical notes. 
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the water rises or falls, at any point in one minute would be 
called the frequency of the waves per minute, expressed as the 
number of cycles per minute. 
In sound, the number of waves per minute is large, and it is more con- 
venient to speak of the frequency of sound waves as the number of waves 
per second, or, more commonly, as the number of cycles per second. Thus, a 


sound which is produced by 256 waves a second is called a sound of a fre- 
quency of 256 cycles. 
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Fic. 7,849.—Properties of wave motion illustrating pitch. 


When speaking of sound, cycles always mean cycles per 
second. | 

Considered from the standpoint of traveling waves, frequency is deter- 

mined by the number of complete waves passing a certain point in one 


second, and this, of course, 1s equal to the number ot vibrations per second 
generated at the source. 


Fig. 7,848 is a chart showing pitch frequencies corresponding to the 
various keys of the piano and range of the human voice and various 
instruments. 


Tone.—By definition: tone is sound in relation to volume, 
quality, duration and pitch; specifically, in acoustics, a sound 
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‘gat may be employed in music, having a definite pitch and 
le to vibration of a sounding body; opposed to sound as mere 
O1se. 


-. By common usage in music, tone generally means the tzmbre 
c quality of sound. 


A pure note of a given pitch always sounds the same, and the frequency 
of this note is termed its fundamental or pitch frequency. However, notes 
of the same pitch from two different kinds of instruments do not give the 
same sound impression. This difference is due to the presence of overtones, 
sometimes called harmonics. 


Consider again the case of a taut string which is plucked to 
et it in vibration. 


If the string be plucked at its exact center, it will vibrate as a whole and 
give a very nearly pure note; but if it be plucked at some other point, say 
one-third of the length from one end, it will vibrate as three parts as well as 
a whole, and a change of tone will be noticed. If the string be plucked 
indiscriminately, various tones will be heard, all of the same pitch. 


Hollow cavities built into the bodies of the various musical 
instruments give them their characteristic tones, because the 
air chambers, called resonance. chambers, strengthen overtones 
_of certain frequencies and give a very pronounced tone to the 
| Instruments. 


Other instruments have built into them means of suppressing certain 
overtones, which help to give them their characteristic sounds. The fre- 
quency of an overtone is always some multiple of the pitch frequency; that 
is, the second overtone has twice the frequency of the pitch note, and the 
third overtone, three times the frequency, etc. 


Overtones of twenty times the frequency of the pitch note are present in 
the sounds of some musical instruments, but overtones of this order are 
important only when the pitch note is low, because the frequency of the 
twentieth overtone of even a moderately high note would be beyond the 
ability of the human ear to detect. 
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Overtones give character and brilliance to music, and their 
presence in reproduced sound is necessary 1f naturalness is tc 
be attained. 

The combined result of all the partial or overtones gives the quality or 
timbre of the tone, that is the peculiar characteristic sound as of a voice or 


instrument. A great variety of tone is foundin the orchestra as exemplified 
by the strings, wood wind, brass and reed choirs. See figs. 7,850 to 7,853. 
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Fic. 7,850 to 7,853.—Familiar instruments of the orchestra illustrating the great variety of tone 
produced by the various “choirs’” to which these instruments belong. It is because of this 
great variety of tone that the orchestra ts the finest medium for musical expression. I[€. 
should be noted that even the best organs represent a very poor attempt to imitate the 
orchestra—it cannot be done. Such impossible instruments as the cornet, saxophone, etc. 
are not employed in any legitimate orchestra. 


A reproducing device which reproduces frequencies from 50 
to 6,000 cycles will cover very well all the notes and overtones 
necessary for naturalness and distinctiveness. 


In singing, the range of notes covered is approximately from 64 to 1,200 
cycles, extreme limits, but this range cannot be covered by one person’s 
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t voice. The frequency of 1,200 cycles does not represent the highest fre- 
; quency used in singing, because overtones of several times the frequency of 
| the note are always present in the human voice. The presence of the over- 
1: tones gives the pleasing quality to songs. ‘ This quality of the singing voice 
: is called ttmbre. The timbre of the voice transmits the emotions of joy, 
sadness, etc., from the performer to the audience, and therefore is very 
important in the enjoyment of vocal music. 


aw 
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~ Wave Length.—By definition the wave length (of a water 
yave for instance) 1s the distance between the crest of one wave 
‘nd the crest of the next wave. This distance remains the same 
s long as the wave continues, even though the wave becomes 
o small as to be hardly perceptible. 

Frequency in wave motion is related to wave length. 

All waves produced do not have the same wave length. A small pebble 
dropped into a pond will produce a wave of short length, but a large 
stone will produce a wave of correspondingly longer length. In sound the 
wave length is dependent upon the frequency of the source. Similarly, in 
sound the wave length of a sound wave is the distance between the point of 


maximum compression of one wave to the point of maximum compression of 
the next wave. 


Sound travels at different speeds in different substances, thus 
it travels at a much higher speed in water and steel than in air. 





NOTE.—Voicing is the art of obtaining a particular quality of tone in an organ pipe and 
‘of procuring uniform strength and quality throughout the entire stop. Voicing is one of the 
‘most delicate and artistic parts of the organ builder’s art, and it is seldom, if ever, that a voicer 
is good at both flue and reed voicing. 


NOTE .—Percussion instruments such as drums and the various accessory traps pro- 
‘duce the greatest pressures that are used in music. Although the fundamental frequency of 
ithe notes which they emit is fairly low, the notes are particularly rich in tones of higher fre- 
»Quency, which may extend as high as 10,000 cycles. Although these higher tones die out 
:rather rapidly, they are essential to good definition. 


NOTE .—The organ, piano and harp have the greatest compass and cover a frequency 

range from about 16 to 4,000 cycles. All three of these instruments are characterized by a 

‘ rather prominent first overtone, so that their effective range extends as high as 8,000 or 9,000 
: cycles. 


NOTE.—<According to Prout “‘the cornet is a vulgar instrument whereas the trumpet is 
: a noble instrument.”” The only excuse for a cornet is that it is easier to play than a trumpet. 
1 Non-musical instruments, such as the cornet and saxophone, if they must be heard, should 
{ ‘be confined to 2nd and 3rd rate -taxi-dance halls in order that cultured and discriminating 
! ears may not be profaned. 
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| 
In the latter medium it travels about 1,100 ft. per second. An illustra=| 
tion of the fact that time is required for sound to travel from one place to} 
another is shown by a steam whistle at a distance of several hundred yards.’ 
If it be observed when blown, it will be noticed that the ‘“steam’’* can be! 
seen coming from the whistle a considerable length of time before the sound, | 
of the whistle is heard. Sounds of all frequencies, or pitches, travel at thei; 


same speed. The speed at which sound travels divided by the frequency’: 
gives the wave length of the sound wave. 


A knowledge of wave length is necessary for the proper con-’ 
struction and location of baffle boards and horns in theatres.) 


Speech.—The sounds of speech are divided into two classes, 
vowels and consonants. The vowel sounds are used in the 
pronunciation of the letters a, e, 7, 0, u, and sometimes y, in: 
the formation of words. 


These letters are also used in combination to indicate other vowel 
sounds. The pitch frequencies of the vowel sounds in male voices range 
from 110 cycles to 140 cycles. For female voices the range is from 230 to 
270 cycles. The characteristic frequencies, or overtones of the vowel 
sounds, however, reach frequencies of 3,300 cycles. So important are these 
overtones that the pitch frequency can be entirely eliminated without . 
noticeably changing the sound sensation produced on the human ear. The 


full range of frequencies used in vowel sounds is from 110 cycles to 4,800 
cycles. 


The pitch frequency of the vowel sounds are produced when 
air 1s blown through the vocal cords. 
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The vocal cords are two muscular ledges in the air passage of the throat. 
When these muscles are taut there is a narrow slit between them, which sets 
the air passing through into oscillation. The sound produced by the vocal 
cords is changed by the cavities of the mouth. 


The shapes of the cavities continuously change as a person speaks, making 
it possible for him to produce a wide variety of sounds, all of very nearly the 
same pitch frequency. : 


*NOTE.—The white cloud seen issuing from a steam whistle usually called ‘‘steam,”’ is 
not steam but a fog of minute liquid particles produced by condensation. The term is misused 
above simply for convenience. Steam 13 invisible. 
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Consonant sounds are usually produced without the aid of 
e vocal cords. 


Most of these sounds are produced by the lips and teeth, as in the pro- 
munciation of th, s, and f. The range of frequencies covered by consonant 
sounds is from 200 to 8,000 cycles, but most consonant sounds have fre- 
, quencies of less than 6,000 cycles. 


'Hearing.— The actual mechanism of hearing is not very well 
iderstood, but certain facts regarding the ability of the ear 
»register sounds of various frequencies has been determined 
ary accurately. 


The range of frequencies which the average person can hear is from about 
: 20 cycles to 17,000 cycles, but a comparatively large amount of sound energy 
: is required before the ear can detect sound of extremely low or extremely 
~ high frequencies. 


_ The ear is most sensitive to frequencies between 500 cycles 
ind 7,000 cycles; also, the ear 1s most sensitive to changes of 
Mitch and changes of intensity of sound in this same band of 
requencies. 


[ NOTE.— Woman s speech in general is more difficult to interpret than man’s. This may 
ve due in part to the fact that woman’s speech has only one half as many tones as man’s, so 
shat the membrane of hearing i3 not disturbed in as many places. It may be inferred there- 
tore that the nerve fibres do not carry a3 much data to the brain for interpretation. The 
yreatest differences occur in the case of the more difficult consonant sounds. In woman’s 
speech these sounds are not only fainter but require a higher frequency range for interpretation. 
A range of from 3,000 to 6,000 cycles for man’s voice corresponds roughly to a range of from 
‘5,000 to 8,000 cycles for woman’s voice. Since the ear is less sensitive in the latter range and 
tthe sounds are initially fainter, their difficulty of interpretation 1s greater. 


NOTE.—When sounds containing a number of tones are increased in loudness, the lower 
‘tones in the sound deafen the auditor to the higher tones. This deafening or masking effect 
‘becomes very marked when the sound pressure of the lower tones is greater than twenty sen- 
‘sation units. In the case of speech, this effect impairs the interpretation of the higher pitched 
-sounds. The best loudness for the interpretation of speech corresponds to a sound pressure 
‘between O and 20 sensation units. If the sound pressure be’ less than this, the fainter sounds 
‘are inaudible. If the sound pressure be greater, the masking effects impair the interpretation 


of these sounds. 
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TEST QUESTIONS 


1. How is sound produced? 
2. Explain the propagation of sound. 


3. Draw a diagram illustrating pressure variations due 
to sound waves. 


4. What is the effect of throwing a stone into still water? 
5. How are sound waves reflected? 
6. What are the characteristics of wave motion? 
7. Upon what does loudness depend? 
8. Define pitch or frequency. 
9. How are sound cycles measured? 
10. What is tone in music? 
11. What is the effect of overtones or harmonics? 


12. Why are hollow cavities built into the bodies of various’ 
musical instruments? 


13. What is the range in cycles of the human voice? 
14. Define the term wave length. 
15. What is voicing? 


16. What musical instruments produce the greatest pres- 


sures? 
17. What is the difference between a cornet and a trumpet? 
18. Into what two classes are the sounds of speech divided? 


19. Why is woman's speech more difficult to interpret than 
man s? 
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CHAPTER 195 


| Synchronized Sound 


‘In order to reproduce in a theatre the pictorial record of 
vents accompanied by the sound associated with those events, 


. 1s, Of course, necessary to add equipment to that installed’ 
» produce only the silent motion picture. 





Methods of Recording Sound.—There are two basic methods 
' sound recording: 


1. Cutting a groove in a wax disc; 
2. Making a photographic impression on film. 


Formerly in making disc records the original sound energy of the source 


was used to actuate the stylus or cutting point the same as in making an 
ordinary phonograph record. 


The present method used by all up to date record producers employs elec- 
tricity. The sound energy is first converted into electrical energy, ampli- 
fied in vacuum tube amplifiers, and the electrical energy is then used to 
actuate the mechanism which cuts the impression on the record. With this 
method no sacrifice in faithfulness is necessary to obtain the desired volume, 


with the result that extremely faithful reproductions are now possible from 
disc. | 


The methods of recording on wax discs by different producers are very 
similar although there are slight differences 1n the apparatus used. 


- 


There are two fundamentally different methods of recording 
‘ton film as by: 


1. Variable area; 
2. Variable density. 
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Variable area recording is used by Photophone and variabl 
density by Western Electric and Movietone. o 









Picking Up and Converting Sound Energy.—The first step. 
in recording, the picking up of the sound energy and convertin 
it into electrical energy is essentially the same. in all moder#: 
recording systems. This is done by means of a sensitive microx, ; 
phone. The RCA Photophone, the Western Electric and F OX: : 
Movietone all use a condenser microphone similar to those, 
used in radio broadcasting. 3 
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Fic. 7,854.—Studio sound recording system in its simplest form. The essential parts of such a 
system consist of microphone pick ups on the stage, a mixer and volume control in the monitor 
room, system and monitor amplifiers, recording machines, and a synchronous motor system 
for synchronizing the recorders with the cameras. 


When a condenser microphone is acted upon by sound waves the dia- 
phragm moves in and out at the frequency of the sound waves. A pressure 
of 180 volts d.c. is impressed across the plates and a resistor of 20 to 50 
million ohms resistance is in series with one of the leads. As the diaphragm 
is moved in and out by the action of the sound waves, the alternating current 
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4% set up flows through the resistor and produces an alternating voltage 
3 across it. This alternating voltage is impressed on the grid of the first tube 
9 of a vacuum tube amplifier. The amplified signals are then used to operate 
$ the recording device. | 
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Fic. 7,855.—One complete recording channel. . 





*NOTE.—Method of making wax record duplicates.—The wax is coated with a fine 
«powder of conducting material. It is then electro-plated so as to give a metallic negative 
» record called a master. ‘This master is again electro-plated after the surface has been suitably 
t treated to permit an easy removal of the resultant positive plate. This positive is commonly 
< called an original. From the positive another negative is made, a metal mold called a stamper, 
» From it duplicate originals can be plated to make duplicate stampers. These successive 
‘* plating processes involve no measurable injury to the quality of the record. By the custom 
> of making a number of duplicates, the master is protected from accidents and wear to which 
1 it would be subject if used to make the finished record. The stampers are used to press the 
} final product, and as many as a thousand records can be made with one stamper. The ma- 
+ terial from which the records are made is called record stock. This material must have a hard 
: surface to resist wear, and must contain enough abrasive, or wear producing material, to 
| grind the needle quickly to a good fit. At the beginning of a run of a new needle the pressure 
» on the record is very great because of the small area of the needle point. However, after a 

minute’s wear the needle pressure is reduced to 50,000 Ibs. per sq. inch. 
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Disc Recording.—The amplifier just described actuates§ 
vibrating armature which has attached to it a sapphire styl if 
or cutting point. q 

This stylus is placed on the surface of a rotating plate and cuts a wavy 
groove in its surface. This plate, while usually referred to as a wax plate} 


is in reality made of an insoluble soap. The plate is rotated at a = 
speed of 3314 7.p.m | 
| | 





.0025 
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Fics. 7,856 and 7,857.—Recorder stylus. The shape of the groove varies somewhat in com- 
mercial practice. The groove and stylus here shown is that most commonly used with 
Western Electric apparatus. The groove is approximately .006 in. wide and .0025 in. deep. 
The pitch of the groove is between .010 in. and .011 1n. so that the space between grooves 
is about .004in. Thus the maximum safe amplitude is about .0021n. If this occur at 250 

- cycles the corresponding amplitude at 5,000 cycles, assuming constant absolute intensity 
of sound over this range, would be .0001 in. It is important that a smooth groove be cut 
as any roughness in the walls introduces extraneous noise 1n the reproduced sound. To 
insure a truly smooth groove the surface of the wax must be shaved toa high polish. The 
texture of the wax must be fine and homogeneous which requires not only that the wax 
composition be correct, but that it be operated at the proper temperature. Fig. 7,856 a 
radial section through the wax; fig. 7,857 a section looking from stylus point to the center 
of the disc. 


Synchronizing Sound on Disc.—After making a wax disc, it 
is rotated at a uniform speed of 3314 7.p.m. and is driven by 
a synchronous motor. The camera is driven so as to have a 
film speed of 90 ft. per min. by another synchronous motor 
operating from the same power supply as the motor which 
drives the wax disc. The recording disc and the camera are 
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started at the same time, and after they get up to speed. they 
e operated simultaneously. Since both are driven by syn- 
nronous motors they will always have the same relative speed. 
sherefore, the sound and picture will always be in synchronism 

shen produced if the film and disc be both started at the 

--coper start position, and there be no mishap such as the 
edle of the pick up jumping the groove, or the film breaking 
‘id not being properly patched. 


Should the film break, it is necessary to have the same number of frames 
~,1n the patched film as it had originally, if the sound and picture are to 
'’ remain in synchronism. The addition of blank film to replace parts of the 
i film which were torn results in disagreeable breaks in the picture. 
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BICYCLE BELL ORCHESTRA —  WOMAN’S VOICE 


4YIGS. 7,858 to 7,860.—Details of “‘sound track” with variable area method of recording. The 
aed | juncture of the opaque and transparent parts of the sound track form a wavy line which is 
““) practically an exact representation of the sound pressures of the original sound waves. 





_ Variable Area Method of Recording on Film.—The system 
‘Consists essentially of: 
LA source of light; 
2. A mirror: 


Which is vibrated by the amplified sound currents. 
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3. A suitable optical system for concentrating the light int@: 
avery fine beam. . § 
The intensity of the light is kept at constant value, but the 
area of the sensitized film which is affected by the light if 
varied. r 
The elements of the system are shown in fig. 7,861. 





A beam of light from an incandescent lamp 1s focused on the mirror. The 
vibration of the mirror sends the light across the exposed moving filnfi 
through a suitable optical system containing lenses and a narrow slit. The 
mirror needs to move only a little to sweep the light beam comparatively 
large distances at the film. 
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Fic. 7,861.—Elements of variable area method of recording on film. Jn operation, when 
the mirror is at rest only one half of the sound track is exposed. The other half of the light 
beam is cut off by a screen. When the mirror is moved to its extreme position in one di- 
rection, the light beam is shifted off to the screen so that the beam covers the entire sound 
track. When moved in the other direction to its extreme position, the beam moves over 
so that it 1s cut off entirely by the screen and strikes no part of the sound track. When 
referring to the extreme position which the mirror moves it is not meant that this extreme 
is the maximum movement which can be obtained by the mirror, but only the maximum 
position to which it should ever move when recording. When the film moves through the 
recorder it is exposed to this fine line of light which varies in length as the mirror vibrates 
in response to the sound currents flowing through the loop supporting it. When the film is de- 
veloped the part of the film which was exposed to the light beam will be opaque while the 
remainder of the sound track will be transparent, as shown in figs. 7,858 to 7,860. 
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i, The light from the lamp is focused through a condensing lens on to the 
| mirror of the galvanometer. The light stop between the lens and the mirror 
4, cuts off the fringe of distorted light so as to give a clear cut beam of light. 


_ The galvanometer window is tilted at a slight angle to keep the light 
_v) reflected from its surface from entering the optical system. The reflected 
“’ light from the mirror passes through the cylindrical lens, which condenses 
‘| the light in one direction only. It then passes through a spherical condens- 
‘ ing lens which reduces the beam size still more. 


| The beam from this lens is focused on the slit in the aperture plate, this 
slit being .003 of aninch wide. The light which passes through the aperture 
plate slit is focused on the film through a microscope objective lens system. 
This objective reduces the size of the beam by a 4 to 1 ratio in both direc- 
tions so that the resultant beam on the film is .070 of an inch long by .00075 
of an inch wide. 
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“> Fic. 7,862.—Film showing sound track with variable density method of recording. 


Variable Density Method of Recording a Film.—There are 
“+ two different methods of variable density recording, as with: 


1. Variable intensity light, 
Called ‘‘aeolight’’ and used by Fox Movietone. 


2. Light valve. 


In the variable intensity light method, the light varies in 
intensity with the amplified sound currents and shines through 
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‘a narrow slit on to the moving film, which is kept running at 
a constant speed of 90 ft. per minute. 


The slit is cut into a small quartz block held in contact with the moving 
film. This quartz block is coated with silver to make it opaque, and the slit 
‘ ig engraved in the metal to the desired size. 


When the film is developed after being exposed to the variable intensity 
light, the sound track will be made up of lines of varying density extending 
across the sound track.as shown in fig. 7,863. 





| Fics. 7,863 and 7,864.—Comparison of sound tracks showing difference between the variable 
| density, fig. 7,863, and fig. 7,864, variable area methods of recording. 

t 

| The spacing of these lines at each point depends on the pitch of the sound 
: Which was recorded at that moment. 


The difference in density of the lines depends on the loudness of the 


sound, that is, the greater the contrast between light and dark lines, the 
louder the sound. 


The light valve method is used in the Western Electric system. The light 
valve in this case varies the amount of light by the opening and closing of a 
slit. This slit is the space between two taut sides of a loop of wire suspended 
in a magnetic field. As the sound current passes through the loop, the loop 
opens and closes passing varying amounts of light through it. This light is 
then focused with lenses on the moving film so as to form lines of varying 
density when the film is developed. The light valve is shown in fig. 7,865. 


When the valve is interposed between a light source and a photographic 
film it virtually forms a camera shutter of unconventional design. With 
this system, recording in the studio is carried out on a film separate from that 
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« which receives the picture. This practice permits the use of two machines 
to make duplicate sound records, an insurance which is well worth its cost. 
The practice of separate negatives for sound and picturé also permits the 
picture negative to be developed and printed according to well established 


technique, and allows the necessary latitude in developing the sound record. 
The recording machine is shown in fiz. 7;866. 
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‘Fic. 7,865. —Light valve for variable density film vexoniing.” “Tt céiisists of a loop of dura- 
lumin tape suspended in a plane at right angles toa magnetic field. When the assembly of 
magnet and armature is complete, the two sides of the loop: constitute a slit, .002 by .256 
in., its sides lying in a plane at right angles to the lines of force and approximately centered 
in the air gap. The ends of the loop are connected to the output terminals of the recording 
amplifier. If the magnet be energized and the amplifier supplies an alternating current, 

the loop opens and closes in accordance with the current alternations. When one side of 
the wave opens the valve to .004 in. and the other side closes it completely, full modulation 
of the aperture is accomplished. A,A’, windlasses; B, spring held pulley; C, C’ insulated 
pincers; D, armature. 


Synchronizing Sound on Film.—As just mentioned the sound 

0 film i is usually run on a separate machine from the camera for 
4 practical reasons, and the two films must be so synchronized 
‘| that when they are printed together they will be in synchronism 
: ! throughout the length of the film. This is accomplished by 
t running the camera and the recorder at exactly the same 


4 ‘speed. They are both driven by synchronous motors connected 
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to the same power supply, and this keeps them always 
synchronism. 


Some kind of marking is required so that the picture and sound track cag 
be lined up for printing. This is sometimes taken care of by marking thé 
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Fic. 7,866.—Studio recording machine with the door of the exposure chamber open. The 
left hand sprocket engages twenty perforations and is driven through a mechanical filter. 
The recording machine is driven by a motor synchronously with the camera. Lest there 
be any variation in the velocity of the film past the line of exposure, the sprocket which 
carries the film at that point is driven through a mechanical filter which holds the instan- 
taneous velocity constant to one part in one thousand. In the recording machine a photo- 
electric cell is mounted inside the left hand sprocket which carries the film past the line of 
exposure. Fresh film transmits some four per cent of the light falling on it, and modulation 
of this light during the record is appreciated by the cell inside the sprocket. This cell is 
connected to a preliminary amplifier mounted below the exposure chamber, and with suit- 
able further amplification the operator may hear from the loud speaker the record as it is 
actually being made on the film. 


film by means of a small marker lamp which shines on the film outside of the 
sprocket holes. Since the sound head of the projector is 19 frames from the 


picture in the frame, it is necessary to displace the sound track by 19 frames 
when they are printed together. 
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. The advantages of sound on film is that, if the projector be 
_coperly threaded, the sound will always be in synchronism with 
1e film. The breaking of the film does not interfere with the 
mechronous action, so that a blank patch is not necessary. 


» Synchronous Reproduction of Recorded Sound.—The first 
ep in synchronous reproduction is to generate a small electric 
arrent whose variations correspond to the sound waves forming 
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1G. 7,867.—Optical system for studio aaaudie At the left is a light source, a ribbon 
filament projection lamp, which is focused on the plane of the valve. The light,passed by 
the valve is then focused with a two to one reduction on the photographic film at the right. 
A simple achromat is used to form the image of the filament at the valve plane, but a more 
complicated lens, designed to exacting specifications by Bausch and Lomb, is required for 
focusing the valve on the film. The undisturbed valve opening appears on the film as a line 
. .0OO1 by .128 in., its length at right angles to the direction of film travel. The width of this 
- line varies with the sound currents supplied to the valve, so that the film receives exposure 
: to light of fixed intensity during the varying time required for a given point to traverse 
‘t the varying aperture of the slit. 


ee 


swthe voice or music that was recorded. Depending upon which 
bf the two general methods of recording was used, this current 
as Obtained either from an electrical reproducer playing on a 
‘4idisc record, or from a film reproducing attachment through 
which the film passes on leaving the projector head. 


The disc records employed are similar to the best types of phonograph 
record except that they are much larger and run at about half standard 
speed; this enables each record to play throughout a whole reel. The film 
used with the disc record, called a synchronized film, 1s similar to an ordinary 
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film, except that one frame at the beginning is specially marked to give the, 
starting point. ¢ 


With the film method, the sound record consists of a band 
about 1% in. wide, called the sound track, which runs down oneé 
side of the film and having photographed on it microscopic lines 
as previously described and shown in fig. 7,862. 
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Such a film is called a sound film, and is otherwise similar to an ordinary: 
film. After leaving the lower sprocket of the projector head, the sound film 
enters the reproducing attachment, as in fig. 7,868 where it passes over a 
sprocket that moves it along at constant speed. | 
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Fic. 7,868.—Detail of motion picture projector head and sound head for reproducing sound from 
film. 


A narrow bright beam of light from a high intensity exciting lamp is 
focused on the sound track of the film through a system of lenses and an 
aperture plate. The light which has passed through the moving film will 
then vary in intensity according to the variations of the lines recorded on 
the sound track. This light falls on a photo-electric cell, which produces a 
small electric current whose variations correspond to the light, and there- 
fore to the sound which was recorded. 
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"Fics. 7,869 and 7,870.—Recording and reproducing sound, showing intermediate processes. 


Beginning as sound waves, mechanical motion is imparted to the diaphragm of the condenser 
transmitter. This mechanical motion is in turn translated‘into a minute electric current. 

After being amplified the power of this current modulates a light to which film is exposed. 

The resultant latent image is treated chemically and when developed, again modulates a light 
to produce the positive. After development this positive, when run through a projector, 
modulates a beam of light, thereby controlling a minute electric current. After amplification 
the resultant power is sufficient to impart mechanical motion to a loud speaker diaphragm, 
thereby producing a very close approximation to the original sound. Beginning as sound, 
fourteen changes of condition must be passed through before the sound is reformed. The 
same number of changes occur in recording on disc. 
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Amplification—The small current from the electrical re- 
producer or the photo-electric cell passes along to one or more 
vacuum tube amplifiers. 


Sound Projectors.—The current from the amplifiers 7s con- 
verted into sound by means of sound projectors consisting of re- 
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Fic. 7,871.—Schematic diagram of a studio equipment for sound recording. Provision is 
made for combining if desired the contributions of several microphones on the set. This 
combination is under the control of the mixer operator in the monitoring room, viewing 
the set through a double window in the studio wall. The mixer controls also the gain of the 
amplifiers for the recording machines. The diagram shows relays which permit the mixer 
to connect the horn circuit either directly to the recording amplifier or to one or the other 
of the monitoring photo-electric cells in the film recorders. The direct connection is used 
in preparing the sound pick up in the studio; the program is rehearsed until satisfactory 
arrangement of microphones and of amplifier gain is effected. The electrical characteristic 
of this direct monitoring circuit is so designed that the sound quality heard in the horns 


shall be the same as the quality to be expected in the reproduction of the positive print 
in the theatre. 


ceivers and horns located at the screen, as shown in figs. 7,872 
and 7,873. 
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The number of horns used, and their exact location depends on the size 
and acoustic properties of the house. Usually a special type of screen is 


employed, which reflects light well and enables a good picture to be obtained 
and is transvocent for sound waves. 


- The horns are placed immediately behind the screen so that 
_ perfect illusion that the voice or music is coming from the 


yeakers and artists seen on the screen is obtained in all parts 
f the house. 


Obviously if the sound be not coming directly from the screen, the 
illusion is lost. 


The horns used in all these systems can be mounted in such a manner that 
' they are removable whenever the stage is used for purposes other than pic- 


tures. This can be done either by flying them or by mounting them on 
towers that are easily and quickly removable. 


TEST QUESTIONS 





Name two methods of recording sound. | 

Describe the two methods of recording sound on film. 
How is sound energy picked up? 

Describe the method of making wax record duplicates. 
. Explain disc recording. 

How is sound synchronized on disc? 

. Define the term sound track. 

. What are the two methods of recording on film? 


. Describe in detail the variable area method of film 
recording. 
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10. 


11. 


12. 


13. 
14. 
15. 
16. 


17. 


18. 


a 
x | { 






Make a sketch illustrating the elements of the variabh I 
area method of recording on film. 


Explain in full the variable density method of recorde 
ing on film. 


What is the comparison of sound tracks made. by the 
two methods? 


Of what does a light valve consist? 5 





How is sound synchronized on film? 
What are the advantages of sound on film? 


What is the first steb in synchronous reproduction of 
recorded sound? 


Describe in full the method of reproducing recorded 
synchronized sound. 


Draw a diagram showing all the apparatus used in 
reproducing synchronized recorded sound. 
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CHAPTER 196 


»0und Reproducing Equipment 


‘| In theatres in which motion pictures accompanied by syn- 
“aronized speech or music are presented, there must be in ad- 
“ition to the sound box or disc turntable, additional apparatus 
) amplify the current, to effect its conversion into sound and 
) to direct the sound into the theater auditorium, as to create 
ae illusion that it emanates from, rather than merely accom- 
‘vamies, the picture. 
When a theater is being prepared for presenting sound pictures, the film 
projectors in use are ordinarily retained but each is fitted with a new motor 


and driving mechanism; it 1s provided with a turntable and electric pick up 
for disc records, and with analogous equipment for film records, or both. 


Typical installation layouts for sound pictures are shown in 
‘gs. 7,872 and 7,873. A layout consists of: 
1. Film and disc. 


These are reproducing attachments, by means of which, small electric 
currents are generated with variations corresponding to the sound waves. 
produced in recording. | 


2. Vacuum tube amplifiers. 
These greatly magnify the electric currents. 


3. Sound projectors. 


These consist of receivers and horns which convert the electric energy 
into sound. 


Disc Record Pick Up.—The pick up used for disc records, is 
t in some ways similar to the reproducer of an ordinary acoustic 
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-onograph, with a needle holder connected to a clamped dia- 
nragm of highly tempered spring steel. To the diaphragm 
‘yere 1s fastened an armature made of a special high perme- 
bility alloy, so arranged that as the diaphragm and the arma- 
are vibrate, the flux in the air gap of a permanent magnet 
aries correspondingly; in appropriately placed coils, currents 
te induced which are the electric representation of the wave 
-roove which moves past the needle. 


Although this instrument delivers energy at a comparatively low level, it 
has a nearly uniform response over a wide range of frequencies. That result 

- has been secured largely by preventing distortion which would arise from 
resonance in any part of the system; the members have been designed with 
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t' Fic. 7,873.—Layout of a typical theatre for presenting sound pictures. The amplifier i is built 
in three units, of which the first consists of three low power tubes connected in tandem, re- 
sistance coupled, with the filaments heated by a twelve volt battery. In the second unit 
there are two medium power tubes with a push-pull connection, whose filaments are heated 
by low voltage alternating current. Two similar tubes in this unit act as a full wave rectifier, 
and supply rectified a.c. for the plate circuits of the amplifier tubes in the first and second 
units. The third unit has a single stage of high power push-pull amplifier tubes and push- 
pull rectifier tubes; like the second, it operates entirely on a.c. The three units can be 
arranged to meet any conditions. In small theatres only the first two are required, and 
in larger houses the high power unit, the third is used as well. For unusual conditions two 
or more of the high power units may be operated in parallel from the output of the second 
unit to give a greater volume of sound. 
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Fic. 7,874.—Reproducer for disc record. 
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Fic. 7,875.—Gennett synchronizer designed for use with various projectors. A.c. syn- 
chronous motor drive which insures constant speed of the disc so that when the disc is syn- 
chronized with the film it remains in synchronism. Upright arm is adjustable for height of 
various types of projectors. Synchronizer may be used to play 3344 1r.p.m. records for in- 


termission music and non-synchronous films. 
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{ natural periods beyond the range of frequencies to be transmitted, and the 
‘t'magnet chamber back of the diaphragm is filled with a heavy oil to damp 
free vibration. 


t The films used with the disc records, called synchronized 
‘tms, differ from ordinary films only in that one frame at the 
“aginning of each is marked to give the starting point. 


Sette 





c 


"1G. 7,876.—N lon ‘synchronous double turntable cabinet for disc reproducing where records are 
not synchronized. with the film. Each turntable is provided with a pick up and means for 

' locating it accurately upon a record, and a fader to make possible continuous playing. The 
same amplifier and loud speakers are used as for the synchronized speech and music. 


Photo-electric Cell.—This is a device which varies in-elec- 
trical resistance in proportion to the amount of light falling upon 
‘it. Manufacturers of photo-electric cells used for sound pic- 
‘tures make use of the fact that when light falls upon the surface 
(of a metal, electrons are emitted from its surface. Although 
‘tall metals emit electrons when subjected to light, only a few 
‘ of them are affected by ordinary or visible light. The number 
:of electrons emitted is directly proportional to the amount of 
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Fic. 7,877.—Circuit diagram of photo-electric cell.In operation wherever light flux falls upor 
the photo-sensitive film a cloud of electrons is emitted .and if there be an electric field, called 
the polarizing voltage applied as shown, a current will be caused to flow as each electron flow 
from the photo-sensitive surface to the collector and deposits its charge thereon. nis 
amount of current is, of course, directly proportional to the number of electrons emitted, 
which, in turn, depends upon the ame of the ee film. 
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Fic. 7,878 and 7,879.—Jenkins type SR1 photo-electric cell. It is gas filled and suitable for 
sound moving picture work relay operation; also for television direct pick up work when the 
ionization voltage is properly chosen. 
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‘wht falling on the surface of the metal; that is, if a certain 
mount of light fall wpon the surface of the metal, a definite 
“wumber of electrons will be emitted, and if the amount of 
ight falling on the surface be doubled, the number of electrons 
ymitted will also be doubled. 


In order to make use of this fact some method of collecting the electrons 
emitted is necessary. To obtain this end a plate coated with the active 
metal is placed within a vacuum tube and an electrical connection is made 
from it to the outside of the tube. Another conductor set in the proximity 
of the. plate is also placed within the tube and has a lead brought out for 
electrical connection. 
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4* Fyc. 7,880.—Photo-electric cell. The characteristic of this device is that when tt ts polarized by a 
proper voltage and ts used within proper limits the current through it ts proportional to the incident 
light. 


The plate or metallic surface coated with the active metal 
2t is called the cathode, and the other conductor is called the anode. 
If the cathode be connected to the negative side and the anode to the 


positive side of some source of d.c. voltage, such as a battery, the anode will 
collect the electrons emitted from the cathode. 


_, Since the number of electrons emitted depends upon the 
amount of light falling on the cathode, the number of electrons 
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collected by the anode will vary with the amount of light 
falling on the cathode. 


The electrons collected by the anode do not remain there, but flow off 
immediately in the form of an electric current through the external circuit. 
and return to the cathode. Therefore, a varying amount of light falling on 
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Fic. 7,881.—Photo-electric cell amplifier for projector. Jn construction the cell and amp- 
plifier are enclosed in a heavy metal box made fast to the frame of the projector, and the 
frame is carefully grounded. -As a further precaution, the amplifier is supported within 
the enclosing box by a rather elaborate flexible suspension, lest vibration of the vacuum 
tubes introduce noise components into the current. The amplifier brings up the energy 
level to about that obtained from the magnet coils of the reproducer for disc records. 
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‘t the cathode will cause a varying current in the external circuit. A photo- 
» electric cell of the type used 1s shown in fig. 7,878 and the circuit in fig. 7,880. 


When polarized by a proper voltage, the cell passes a current 
eroportional, within limiting values, to the intensity of the 
“ght falling upon it. 


The polarizing voltage is supplied to the cell through such a high resistance 
that in operation there is obtained from the cell a voltage across the resist- 
ance proportional to the incident light. The voltage bears therefore at any 
time an inverse relation to the density of that part of the sound track then 
between the exciting lamp and the cell. 





Fic. 7,882.—‘‘Powerizer” fader for small theatres. It is of the potentiometer type with suitable 
resistance wire and resistance taps mounted on one unit, easily removable from the interior of 
the case. Connections are easily accessible and the entire unit may be wired in accordance 
with the Underwriters’ Code. The entire unit is enclosed in a heavy steel case with two sets 
of markings, one in red, and one in white, to indicate its operation on either projector. The 
gain, per tap, is approximately in logarithmical increment. 
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Photo-electric Cell Amplifier.— The photo-electric cell circuit 
is inherently one of high impedance. In such a circuit local 
interference, or static, is readily picked up, and since the 
energy level is low, the current so acquired may be appreciable 
in comparison with the sound currents themselves. In ad- 
dition the shunting effect of the capacity between the conduc- 
tors is noticeable, particularly at the higher frequencies. Hence 
a vacuum tube amplifier, as shown in fig. 7,881, which serves 
both to increase the energy and to make that energy available 
across a low impedance circuit, is closely associated with the 
cell upon the projector itself. 7 . . 





Fics. 7,883 and 7,884.—Fader showing master and auxiliary positions. Sinte’i in ordinary pic- 
tures, in order to run a continuous program, it 1s necessary te“use two projectors alternately. 
As the picture from one machine.is faded imperceptibly intq: that on the-other so the sound 
record may be faded from one machine to the other without the audience’ being aware that a 
change has been made. At the end of each record or sound film the music overlaps the 
beginning of the next and a device called a fader is employed in making the transition. All 
that is necessary is to turn the fader knob when the i incoming machine is started. This fader 
is in fact a double potentiometer. In the upper or normal operating range the change in vol- 
ume in moving from one step to the next is hardly more than perceptible whereas in the 
lower range used only in fading the steps are large and the volume decreases to zero in one 
machine and builds up on the other very rapidly. By choosing the proper step in the upper 
range any volume of sound within reasonable limits can be obtained and the level obtained 
from different sound records equalized. The fader is ordinarily installed with one or more 
auxiliary dials and handles interconnected so that it may be operated from any projector 
position. In connection with the fader there is provided a switch for changing from the film 
to the disc input system and also a key for switching a spare projector in place of either of the 
regular machines. 
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The Fader.—As with ordinary motion pictures, two pro- 
jectors must be used alternately to present a continuous pro- 
gram. At the end of a record, the music or speech coming 
from one machine must be blended imperceptibly into that 
from the other just as the picture from one é reel 1 is faded into 
that of the next. 


> 


At the end of each sound film or disc the music overlaps that 
at the beginning of the next; a device called a fader is used 
to make the transition. : 


By definition a fader is simply a double potentiometer. 


As the starting projector goes into operation, the fader knob is turned 
and the current delivered to the amplifiers is changed quickly until it comes 
entirely from the new record. Ordinarily the fader is installed with auxiliary 
dials and handles, so that the operator can control it from any position 
around the projectors. 


In its lower range, used: in changing between: projectors, the steps are 
rather large, whereas in the upper rangé the volume changes in scarcely 
perceptible steps. The fader thereby fills another use; it makes possible any 
volume of sound desired, within reasonable limits, by choice of the proper 
step in the upper range, and thereby permits equalizing the level of sound 
obtained from different records. There is provided as well a switch for 
changing from film to disc records, and the reverse, and a key for connecting 
a spare projector in place of either of the regular machines. Figs. 7,883 and 
7,884 show a fader with master and auxiliary positions. 


Main Amplifiers.—After passing through the fader, the 
sound currents go to the main amplifier, where their energy is 
raised to a level adequate for.the loud speakers of the parti- 
cular theatre. | 


A potentiometer is provided on the amplifier, but after it has once been 
adjusted at the time of installation it is ordinarily not changed; necessary 
adjustments in energy level are made on the fader instead. 
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Fic. 7,885.—Typical amplifier panel. This combination is capable of an energy amplification 
of about 100,000,000 times and is so designed that all frequencies in the range from 40 to 
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Amplifier Panel.—Following the amplifier there is an out- 
put control panel consisting of an auto-transformer having a 
large number of taps which are multipled to a number of dial 
switches. To the switches are connected the loud speaking 
receivers, so that the impedance of the amplifier output can 
be matched to the desired number of horns. Thereby is 
secured the most efficient use of the power available, and 
adjustment of the relative volumes of the individual horns is 
made possible at any time. 


The Horns.—A theatre installation ordinarily contains four 
horns. They are mounted behind a transvocent screen, on 
which the pictures are shown, so that the sound may seem to 
come directly from the picture. 


Two horns are mounted at the line of the stage and pointed upward 
toward the balconies and two are mounted at the upper edge of the screen, or 
above it, and directed downward. One or more Western Electric receivers 
are used with each of the horns. 


A horn is ordinarily fitted with one receiver, but for outdoor use or other 
special requirements, 1t may be fitted with two, four or nine by a throat. 


The maximum electrical input to a horn for continuous safe operation is 
approximately five watts per receiver. To disperse the sound waves over a 
large angle, more horns are needed than for a comparatively small angle. 


Fic. 7,885.—Text continued. 


10,000 cycles are amplified practically equally. A potentiometer is provided on the amplifier 
but while its handle is readily accessible it is ordinarily not used after having once been set at 
the time of installation to give proper results in the particular theatre. Necessary adjust- 
ments are made on the fader. The amplifier shown consists of three units. The first consists 
of three low power tubes in tandem, resistance coupled, and requiring a 12 volt battery 
delivering 14 ampere to heat their filaments. The second consists of a single stage of two 
medium power tubes, connected in push pull arrangement with filaments heated by low volt- 
age a.c. Two similar tubes in this unit operate as a full wave rectifier and supply rectified 
a.c. for the plate circuits of the amplifier tubes of both the first and second units. The third 
unit has a single stage of high power push pull amplifier tubes and push pull rectifier tubes 
and also operates entirely on a.c. These three types are capable of arrangement into combina- 
tions to meet the particular need. For small theatres only No. 1 and No. 2 are required. In 
the larger houses the high power unit No. 3 is added, while to meet exceptional conditions 
two or more of the high power amplifiers may be operated in parallel from the output of No. 2. 
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This directive characteristic of the horns is important, since it is responsible 
for the illusion that the sound comes directly from the mouth of the horn, 
that is, from the screen. 


When the horn is replaced by a loud speaker of otherwise identical charac- 


teristics which radiates its sound over a very wide angle, the sound seems to 
come from a point some distance behind the screen, so that the illusion of 
coming from the picture is destroyed. 
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TEST QUESTIONS 





. Describe a typical installation for reproducing sound 


pictures. 


. What is the construction of a disc record pick up? 
. Draw a diagram showing layout of a typical theatre 


for presenting sound pictures. 
What is a photo-electric cell and how does it work? 


. Describe in detail the construction of photo-electric 


cells. 


What is the construction of a photo-electric cellamplifier 
used at the projector? 


What is a fader and how does it work? 


. Draw diagrams showing fader in master and auxiliary 


positions. | 


Where do the sound currents go after passing through 
the fader? 


. Describe the amplifier panel. 
11. 


Draw diagrams illustrating recording and reproducing 
sound, showing intermediate processes. 


How are the horns mounted? 
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CHAPTER 197 


‘Sound Apparatus Operation 


As explained in the chapter on Synchronized Sound there are 
two general methods of recording sound: 


1. Disc recording; 
2. Sound on film. 


In the:sections following, a few operating hints will be given 
which will be found helpful for the projectionist in reproducing 
the recorded sound. 


1.—Sound on Dise Operation 


The revolving support upon which a sound disc is placed is 
called a turntable. 


The following brief description of the Pacent disc system: 
‘ will show in general how disc systems work. 


One motor drives both the projector and turntable through a gear box. A 
safety coupling between motor and gear box insures smooth and even 
running. Inside the gear box are gears that give the two drive shafts their 
proper speeds. The projector shaft terminates in a flexible coupling which 
takes care of possible misalignment developed during use. A pinion drives. 
the projector head. 


The turntable is driven from the gear box through a flexible coupling 
which eliminates possible vibrations reaching the tone arm. To further 


insulate the tone arm, it is mounted on a hub insulated by special cus- 
hions. 
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Rick up units are mounted in such a way that they can be easily replaced 
should trouble develop. Toserve the operator a monitor speaker is mounted 
in the booth and the control of this speaker does not affect the volume or 
quality of the reproduction in the auditorium. It 1s up to the chief operator 
to decide whether he wants the speaker on or off. 


The records used for this work are similar to standard phono- 
graph records but larger and run at lower speed. 
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Fic. 7,886.—Typical synchronous turntable showing construction. 

Fic. 7,887.—Viscous damping device of synchronous turntable. In construction a felt washet 
bears against one side of the fly wheel and introduces friction, or drag, and prevents any 
back lash in the gears, which might be caused by slight changes of motor speed, causing 
a wow. The pressure of the felt washer against the fly wheel can be adjusted by means 


of an adjusting screw, which is locked into position by means of a lock nut. The pressure 
on the washer should be adjusted to the lowest value that will just prevent wows. 


The pick up needle travels from inside of records toward the periphery. 
An arrow indicates location of needle at start for proper synchronization. 


The film is the same as standard film except that one frame 
is marked start and film number. 
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This frame is also marked with number O at the edge and every sixteenth 
frame is marked with the length in feet from the starting frame. The cor- 
rect speed of the synchronized film is 90 ft. per minute and the equipment 
automatically regulates itself to have that speed constant during run. The 
projector machine and the turntable are mechanically connected so that no 
slipping which might result in improper synchronization is possible. 


The general construction of a synchronous turntable is 
‘shown in fig. 7,886. 


In order to avoid “‘wows”’ caused by sudden small variations in the speed 
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Fic. 7,888.—Pacent disc reproducer showing method of inserting needle. If during a reel the 
sound suddenly die down, hold the pick up down in the groove, with the right hand and at the 
same time bear slight pressure on pick up head toward center of turntable. What happens 
when the sound dies down is that the armature inside of the pick up freezes against one pole 
piece. A light pressure will free the armature and the pick up will give good results again. 
Of course this pick up is only to be used during that reel and immediately after change-over 
replace pick up. To prevent this freezing happening, when inserting the needle always hold 
needle with thumb on needle point and apply a slight force to right side of pick up working 
from front of pick up then tighten up the turn screw and by holding of needle no force will be 
applied to armature during the tightening. 


4,910 Sound Apparatus Operation 





"of the driving motor, a viscous damping device is incorporated in the turn- 
table mechanism, as shown in fig. 7,887. 


Synchronizing Sound on Disc.—To synchronize a sound disc 
with the picture requires that the film and disc both start at 
definite reference points. One frame of the film is always 
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Fic. 7,889.—Method of setting disc at starting point om Western Electric reproducer set. 
1. Hold record with both hands and lay it on turntable so that starting arrow is at about 
the place where needle comes. Wipe off record lightly “with cleaner provided; 2, pick up 
forward end of reproducer unit between thumb and forefinger of Icft hand so that tips of 
thumb and finger project about 14 1n. below bottom of unit; 3, move unit over until needle 
point is above starting groove and rest tips of thumb and foretinger on record surface so 
as to hold needle point just off record; 4, place right hand with fingers resting lightly on 
underside of turntable, neat edge, and thumb on top of record, near edge, hold turntable 
steady and by moving thumb turn record so that starting arrow comes exactly below needle 
point; 5, lower needle down gently into starting groove at this point by slowly opening 
thumb and forefinger between which it is held. Do not push point into groove by sliding 
it sideways across uncut record surface, but lower it straight down. When it is in place 
rest fingers lightly on top of reproducer and gently press it toward each side to make sure 
needle point is in groove; 6, put record clamp over center pin of turntable and press it 
down in record firmly, but not too heavily. 
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marked in some way to indicate the frame which should be 
in frame when the film 1s threaded in the projector. After the 
film has been threaded as indicated, place the record on the 
turntable, and set record as explained in fig. 7,889. Motor 
must never be turned when adjusting record on turntable. 


2.—Sound on Film Operation 


In reproducing sound on film there are a few requirements 
of primary importance: 


1. The light which shines through the film must be steady. 


2. The beam of light must be as thin as the beam used in 
recording, and exactly as wide as the sound track. 


3. The speed of the film passing the light beam must be the 
same as the film speed of recording and must be constant. 


Variations 1 in speed would cause variations of pitch which would be recog 
nized as ““wows.’ 


: 


4. The sound track of the film must be clean. 


A dirty sound track would cause extraneous variations of the transmitted 
light and produce a grating noise in the loud speakers. 


Variable Density and Variable Area Reproduction.—Although 
the sound tracks of the variable area and variable density re- 
cordings do not look alike, the variations of the light transmitied 
through them are the same. Therefore, reproducing equipment 
which is suitable for reproducing from one type of recording 
is equally capable of reproducing from the other. 


All producers of standard sound recordings on film use the same width of 
sound track, and use a light beam of approximately the same thickness. 


Sound Head.—The apparatus through which the film travels 
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to produce the sound is called a sound head. In general, it 
consists of a housing containing: 





Fic. 7,890.—Pacent sound head showing light source, optical system and pick up system. 
The filter system consists of two fly wheel members, spring driven from the same shaft 
but through a gear system of a slightly different ratio for each fly wheel. Asa result, these 
fly wheels, during the operation of the machine, revolve at a slightly different rate of speed 
though the relative speed is low, normally. These wheels are placed fairly close together 
in line with the axis of each and there is inserted between them, at right angles to the axis, 
a leather washer which contacts the sides of both wheels and in that way forms a frictional 
contact. To one of the fly whcels is connected the constant speed sprocket, the other is 
used as an impulse filter. In its operation, any variation in the speed of the fly wheel to 
which is connected the constant speed sprocket will change the relative speed between both 
wheels and will bring abbut a corresponding change in friction. 
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1. An exciter lamp assembly. 


In separate compartment. 


2. An optical system. 
For focusing the light on the film. 


3. A sound gate. 
For guiding the film past the beam of light. 
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Fic. 7,891.—Diagram of the light source, optical system and pick up system in the Pacent 
sound head. Ex is the light source or exciter lamp. The optical system immediately at the 
right comprises a series of suitable lenses encased in a lens barrel or optical tube, and, fol- 
lowing this, is the sound gate (not shown) over which the film rides before contact with the 
constant speed sprocket. In operation the light, modulated by the impressions on the 
film, falls upon the window of the sensitive photo-electric cell. This light sensitive cell, con- 
verts the varying intensity of the light beam into electrical impulses which are amplified 
by the booster, voltage amplifier, power amplifier and thence to the loud speakers. 


oot Tube 


4. A viscous damping device. 


To insure constant speed of the film. 


5. A photo-electric cell and its transformer. 


For translating the light variations into electrical variations. 
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A typical sound head is shown in fig. 7,890 and the manner 
in which it works in fig. 7,891. 





Viscous Damping Device or Filter System.—The importance 
of having the film move at a constant rate of speed when 
passing the sound gate is well known, and need not be dis- 
cussed further here. The sprocket which pulls the film through 
the sound gate is called the constant speed sprocket because it 
is driven through a device known as viscous damping device 
or filter system whose duty it 1s to keep the speed constant, 
that is to remove any unevenness of drive which might be im- 
parted by the motor or due to gear back lash. Two examples 
of sound head are shown in figs. 7 890 and 7,893. 
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Fic. 7,892.—Pacent amplifier cabinet showing how switches should be set for operation. Zn 
starting: 1, set the fader at zero. 2, throw on main switch for channel one on ampltfier cabinet; 
throw on input and output switches for channel one on same cabinet; throw on exciter lamp 
switch; throw on filament supply switch for booster unit; throw on speaker field switch—i# 
current supply be other than 50 or 60 cycles a.c., throw on switch for power supply unit for 
amplifier and power pack. 


Threading the Film.—To set up a sound film ready for opera- 
tion the following instructions will be found useful. 


1. See that the fader is at zero and that film pick up circuits 
are connected to it. 


2. On projector head, place aperture sound track mask in 
position. 


3. On projector, place framing lever in central position. 


Sound Apparatus Operation 4,915 


Move projector mechanism by turning the hand wheel so that 
shutter cut off blade is uppermost, lens is open and intermittent 
has just ceased moving. Thread projector mechanism with 
film in usual manner except as follows: 


- -_ 

Fic. 7,893—Pacent sound head showing threading of film. Note periscope in position for 
focusing test. After threading the film through the projector head in the ordinary manner 
it should be lead through the outlet in the lower part of the projector head into the opening 
in the upper part of the sound head thence over sound gate and around constant speed 
sprocket and over take up sprocket to rewind magazine. Film should be made taut between 
take up sprocket in projector head over sound gate and around constant speed sprocket, then 
released one hole. Caution is advised at this point to make sure that the lower normal 
running loop as shown in fig. 7,894 is large enough to prevent breaking film. 
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a. For Simplex, be sure that loop between intermittent sprocket and 
lower sprocket of head, is such that film just comes in line with edge of head, 
as shown 1n fig. 7,895. 


b. For Motiograph, allow a tight two finger loop between intermittent 
sprocket and lower sprocket of head. 


| c. For Powers, thread ‘above automatic loop setter and allow a two 
finger loop. 
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Fic. 7,894.—Pacent projector head and sound head showing proper size for lower normal 
running loop between constant speed sprocket and take up sprocket. 


d. If using a type of projector head other than one of the three makes 
just mentioned, allow a length of film equal to 1914 frames, or 1415’’ be- 
tween center of picture aperture in the projector head, and center of light 

. gate aperture in the reproducing machine. In other words, if the frame cen- 
tered at projector aperture be called No. 1, then, counting downward along 
film, middle of light gate aperture should be 14 of a frame past center of 
No. 20. This gives perfect synchronism between sound and picture with all 
makes of heads, and is basis of rules for threading just given. 
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LOOP REQUIRED FOR SIMPLEX HEAD 
(WHEN INTERMITTENT HAS JUST CEASED | 
MOVING) oN = 
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Fic. 7,895.—Threading projector and Western Electric reproducer set (sound head) for film 
reproduction. 
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Fic. 7,896.—Setting up record and film for disc reproduction on Simplex and Motiograph heads. 
1, set fader at zero; 2, see that reproducer is in its rest. Putin new needle; 3, select film and 
record to be used, and be sure to check number on record against number on film. Mark 
record on label to show number of times used, counting this run; 4, on projector, place framing 
lever in central position. Move projector mechanism by turning hand wheel so that shutter 
cut off blade 1s uppermost, lens is open, and intermittent has just ceased moving. Thread 
projector and reproducing mechanism with film in same manner as for film reproduction, 
placing frame marked starvt directly in front of aperture. On simplex and Motiograph, this 
step is easier if 1t be remembered that when a frame is in front of the aperture the lower edge 
of the aperture plate track will be between the etghth and ninth sprocket holes from the lower 
edge of the frame. Therefore, splice a white leader on the ninth hole from the start frame, 
and then when splice is lined up with the lower edge of the aperture plate track, start frame 
will be at the aperture, as shown. On Powers, the gate 1s open when threading, so that there 
is no difficulty; 5, set up record on turntable as in fig. 7,889 In doing this, following method 
must be strictly observed so ds to avoid risk of imperfect synchronism or damage to records. 
Motor must never be turned when adjusting record on turntable; 5°, hold record with both 
hands and lay it on turntable so that starting arrow is at about the place where needle comes. 
Wipe off record lightly with cleaner provided; 5°, pick up forward end of reproducer unit 
between thumb and forefinger of left hand so that tips of thumb and finger project about 14” 
below bottom of unit; 5°, move unit over until needle point is above starting groove and rest 
tips of thumb and forefinger on record surface so as to hold needle point just off record; 
57, place right hand with fingers resting lightly on underside of turntable, near edge, and 
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4. Thread film through film reproducing mechanism exactly 
as shown in fig. 7,895. 


In doing this, allow for slack, between lower sprocket of projector head 
and sprocket of film reproducing mechanism, a length of film equal to 
approximately two sprocket tooth intervals. 


5. After film has been properly located on reproducing ma- 
chine sprocket, do not forget to release tension pad, so that it 
bears on film and holds it close up against aperture plate in 
front of lens tube, as shown in fig. 7,895. 


Door cannot be shut unless tension pad is released. Also close the film 
chute cover so as to have the film completely enclosed in case of fire. 


6. On synchronized feature pictures, by starting and stopping 
motor with starting switch run off as much film as necessary to 
bring end of “Part No” leader approximately up to projector 
aperture. Avoid doing this to excess, as it tends to burn up the 
switch contacts. 


Splicing Film for Disc Reproduction.—Vitaphone film has 16 
frames per foot, and each foot is numbered. Beginning with O, 
at the starting mark, the 16th frame after the starting mark is 
marked No. 1. The 16th frame after No. 1 is marked No. 2, 
and so on throughout the print. There are, therefore, 15 frames 
without numbers between each pair of numbers. 


Fia, 7,896,—Text continued. 


thumb on top of record, near edge, hold turntable steady and by moving thumb turn record 
so that starting arrow comes exactly below needle point; 5°, lower needle down gently into 
starting groove at this point by slowly opening thumb and forefinger between which it is 
held. Do not push point into groove by sliding it sideways across uncut record surface, but 
lower it straight down. When it is in place rest fingers lightly on top of reproducer and gently 
press it toward each side to make sure needle point is in groove; 5’, put record clamp over 
center pin of turntable and press it down on record firmly, but not too heavily; 6, turn over 
mechanism by hand wheel until turntable and record have revolved about half a turn. See 
that needle tracks properly on record and film travels free; 7, on synchronized feature pic- 
tures, by starting and stopping motor with starting switch run off as much film as necessary 
to bring end of part No. leader approximately up to projector aperture. Avoid doing this to 
excess, as it tends to burn up the switch contacts. 
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By this system, the position of every single frame in the reel is indicated. 


{n synchronized features there are in addition other numbers 
on the margin of the film which indicate the scene numbers of 
the picture. 

These numbers can be distinguished from the footage numbers, because 


they have a dash at each side, as for instance —286-—, the footage numbers 
themselves being simply 286, without the dash at either end. 


In cases where the scene and footage numbers conflict, the footage num- 
ber is omitted, but is counted, and reference will have to be made to the 
next footage number in sequence. 


If a footage number do not appear at each 16th frame, continue counting 
until the next number is reached, when there should be 31 frames between 
the two footage numbers. 


With the numbering system described, it is easy to ascertain whether or 
not a print has the proper number of frames, by examining each splice and 
counting the footage numbers on each side. The two numbers should be 
consecutive and there should be 15 frames without numbers between them. 


In case of a break in a film, make a patch by inserting black 
leader. 


Be sure that the number of frames of black leader inserted is exactly the 

. same as the number of frames taken out of the film, plus the frames used for 

the patches. After putting in the black leader, be sure to check up and see 

that the numbers follow 1n sequence and that there are exactly 15 frames 
without. numbers between each pair of footage numbers. 


If any numbered frames be missing, or if the missing portion be more than 
one foot, both sides of the break to the next number will have to be checked, 
and after making the splice, do not forget the intervening numbered frames. 


Splicing Film for Film Reproduction.—In case film carrying a 
sound track become broken, cut out as few frames as possible 
when making the splice. A break in the sound track is usually 
even more noticeable to the audience than a break in the picture. 
However, do not go to the extreme of saving weak film that will 
cause trouble later. 
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' A plain splice, no matter how carefully made, will cause a 
click to be heard from the sound projectors as it passes through 
‘the film reproducing attachment, because the two edges and the 
‘overlap disturb the uniformity of the sound track and produce 


i the same effect as though noises had actually been recorded on 
| the track. 


In dealing with film of this type, therefore, first make a splice in the usual 
manner and then paint over this splice in black, as shown at A, in figs. 
7,897 to 7,899. 
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1 Fics. 7,897 to 7,899.—Method of splicing film with film sade 


_ The painted mark on the sound track should be roughly tri- 
; angular in shape with a blunted apex and between %¢ inch and 
1” Y% inch wide at the base. 


If the splice be painted in this manner, it will be almost inaudible when 
passing through the reproducing attachment, as the change in the light 
intensity which it causes will be at a frequency below the audible range. 


If the mark be made too short, as shown at B, the click will be very pro- 

nounced; if it be made too long, as at C, there will not be a click but there 

_will. be a noticeable pause in the sound owing to so much of the sound track 
being obliterated. 


For opaquing splices, the use of Zapon concentrated black lacquer 
No. 2002-2 is recommended. It is made by the Zapon Company, Stamford, 
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Conn. When a thinner is necessary, Zapon thinner No. 20 is recommended. 
The lacquer should be applied to the shiny or. celluloid side of the film and 
not to the emulsion side. It dries almost instantly, adheres tightly; and is 
much more satisfactory than India ink or other substances. If for any 
reason it. should. become necessary.to remove it, a rag: soaked in lacquer 
thinner will be effective. 


Splices in the negative in making up subjects sent out by the producers 
are taken care of in the printing and may be observed bv the triangular 
marks along the sound track near changes of scene. 


TEST QUESTIONS 





What is a turntable? 

. Describe how a typical disc system works. | 
What kind .of records are used in the disc system? 
What is a viscous damping device? 

How is the film marked in sound recording? 

How is sound synchronized on a disc? 


Give method of setting dise at starting point on West- 
ern Electric reproducer set. 


8. What are the requirements for reproducing sound on 


film? 


9. Is reproducing equipment suitable for reproducing 
from both variable density and variable area sound 
tracks? 


10. Of what does a sound head consist? 
11. How does a sound head operate? 


12. Describe the operation of a viscous damping device or 
filter system. 


13. Explain in full the method of threading sound film. 
14. Describe the splicing of film for disc reproduction. 
15. Describe the splicing of film for film reproduction. 
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CHAPTER 198 


Sound Picture Speed Control 


_ In all types of projectors equipped with sound heads or re- 
| producers, there are two essential requirements. 


1. The sound must be in synchronism with the film. 


2. The apparatus must be run at a pre-determined constant 
: speed. 

The first requirement needs no explanation. 

In regard to the second requirement it should be noted that, 


musical pitch varies directly with frequency or rate of vibra- 
tion. = 


~The faster the record is rotated, or sound track is run, the higher the pitch 
of the sound given out. 


In order, therefore, that the reproduced music may be of the same pitch 
as that recorded, the record must run at an assigned speed, and to keep 
the pitch from varying during the playing of the record, this speed must 
be prevented changing. To attain these ends, the speed of the driving 
motor must be accurately controlled. 


A good musical ear will detect sudden changes in pitch pro- 
duced by a change in speed of only one half of one per cent. 


To make sure, therefore, that a discernible change in pitch never arises, 
speed regulation better than one half of one per cent is required at all 
times. As further allowances seemed desirable to provide a suitable factor 
of safety, a regulation of two tenths of one per cent was agreed upon. 
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The interlocking of the motor system employs a principle 
known for many years in the electrical power field. It con- 
sists of connecting the stators and wire wound rotors of polyphase 
slip ring induction motors with similar electrical 1mpedance char- 
acteristics, 1n parallel, and the placing of an alternating voltage 
across the stator. Each motor acts as a transformer. 


The rotors of all driving motors are brought into the same electrical 
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Fic. 7,900.—-Diagram of motor system. 


phase relation as is presented by the distributer motor. This system gives 
a strong interlocking action between all motors. 


Mechanical rotation of the distributer rotor produces a corresponding 
rotation of all other interlocked rotors. Hence, if the rotor on the dis- 
tributer be driven at a constant speed, all interlocked motors are likewise 
driven at the same speed independently of the power supply frequency 
and the actual number of revolutions from start to stop is exactly the 
same for all motors. 


The system may be thought of as a long shaft as in fig. 7,901, with all 
loads geared directly thereto. The shaft is then driven by the distributer 
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motor at a constant speed and all loads will then run in synchronism and 
likewise have the same number of revolutions from start to finish. 


This feature of having the same number of revolutions from start is an 
important one. It permits the marking for synchronization of the sound 
film and picture film while stationary, while still having complete syn- 
chronization throughout, and is also important in the transferring of the 
sound record from one film or disc record to another film or disc in a dub- 
bing process. 


In the sound picture system a few comparatively simple 
electric circuits act as a governor to correct the slightest change in 
speed of the driving motor. 
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Fic. 7,901.—Mechanical analogy of motor system. 


To make clear the principles involved, the electrical governing apparatus 
may be compared to the familiar steam engine governor shown in fig. 7,902. 
In this comparison the electrical governing apparatus may be split up 
into three parts corresponding to those of the fly ball governor. One part 
will substitute for the driving link (not shown in fig. 7,902) between the 
engine and the governor spindle, another for the fly balls themselves and 
their connecting levers, and a third for the steam valve that changes the 
torque of the engine. 


The driving link for the electrical system is a 720 cycle alter- 
nator coupled to the main driving motor of the projector unit. 
The governing circuit proper is a special bridge circuit shown 

in fig. 7,903. 
One arm of the bridge has a fixed inductance and condenser in series, 


which are adjusted to tune the circuit to 720 cycles. At this frequency. 
the impedance of this arm is a resistance only and the impedance of the 
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arm D, is made a resistance of the same value. At 720 cycles the ratio 
of these two arms, therefore, is unity, as is that of the other two arms, 
made up of the primary of a transformer divided at its half tap. The 
small alternator, connected across the transformer, thus becomes. the 
source of power for the bridge. This arrangement makes an extremely 
sensitive analogy to the fly ball governor and lever system. The voltage 
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Fic. 7,902.—Familiar fly ball steam engine governor showing how sensitivity may be changed 
by moving the pivoting point to the left or right. | 
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Fic. 7,903.—Sound picture governing circuit proper. Voltage E, shifts 180° 1n phase as the 
speed changes from any value below 1,200 7.p.m. to any value above it. 
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E, from the mid point of the coils A, and B, to the junction of arms C and 
D, which is zero at 720 cycles, shifts its phase 180° as the speed changes 
from any frequency below 720 cycles to any above it. Below 720 cycles 
_ the current in C, is leading due to the predominance of the condenser and 
~ above 720 it is lagging due to the predominance of the inductance. In- 
stead, therefore, of a gradual change as the speed changes from its desired 


value on is an abrupt one which furnishes a basis for accurate speed 
control. 


Acting as the steam valve to control the speed of the motor 
is an impedance coil with three legs, as shown in fig. 7,905. 
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Fic. 7,904.—Torque control for driving motor. This is obtained by a three legged inductance 
coil, the impedance of which is changed by direct current flowing around the middle leg. 


The two outer legs Li and Lz, are connected to the motor armature and 
serve as the impedance controlling the speed. 


The middle leg G, carries a direct current winding. As the current in this 
winding increases the magnetic flux in the two outer branches increases to 
saturation and their impedance decreases. The torque of the motor varies 
inversely with the reactance of the coils, Li and Ls, and as a result the 
greater the direct current flowing into the coil G, the higher will be the 
torque of the motor. 
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The link between the bridge and the three legged inductance 
is a vacuum tube circuit. | 


This circuit causes more direct current to flow as the motor speed tends 
to fall. This complete circuit. shown in fig. 7,905, includes the detector tube 
V,. and two tubes V: and Vz, which supply current for the middle winding 
of the impedance coil. Tube Vs is a rectifier to supply excitation for the 
720 cycle alternator and grid biasing voltage for V:, V2 and Vs. 
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Fic. 7,905.—Complete diagram of the governing circuit showing the three legged reactance coil 
in the center. Switch Si, is normally thrown to the left. 


Plate voltage for Vs comes from the alternator through the transformer 
T., and its phase is fixed. Grid voltage for this tube is from the bridge 
output circuit E, the phase of which shifts 180° as the alternator speed 
changes from below to above 1200 7.p.m. This 180° shift of phase changes 
the voltage of the grid relative to the plate from negative to positive or vice 
versa, and thereby causes a relatively large change in the plate current, 
which, flowing through R:, causes a correspondingly large change in the 
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_ grid voltage of tubes V: and V2, and thus in the direct current to the 
impedance coil. | 


The bridge circuit makes a very sensitive governing device, 
but with it alone some permanent change in speed would be 
required to compensate for each change in load or line voltage. 
Something else must be added if the speed is to be constant 
for all conditions. Also some dashpot equivalent must be used 
to prevent the speed oscillations mentioned. 


These two functions are accomplished by a network composed of R2, R:, 
R. and C2, properly connected to the other circuits. Current flowing in the 
plate circuit of Vi and V2, to the coil of G, flows also through R: and Rs. 
The drop across C: which after a short preliminary period is the same as 
that through R2, feeds back a voltage to the grid circuit of V1, and thereby 
causes the additional regulation required. To slow down the action of this 
feed back, however, R, in series with C2, is connected in parallel with R: 
as shown. 


The feed back voltage is that across C2, and this rises or falls slowly as 
the condenser must be charged or discharged through the high resistance R,. 


By these means, in the comparatively simple and compact electrical 
circuit shown in fig. 7,904, a governor is provided, similar in its functioning 
to the fly ball governor of fig. 7,902, that will control the speed of the driving 
motor under all ordinary conditions to within the required two-tenths per 
cent. 


The switch S:, was added to the circuit so that, when the picture projec- 
tion machine was used for ordinary silent motion pictures, when such close 
speed regulation is not required, it could be thrown to the right and hand 
regulation obtained by the potentiometer Pi. This is needed to vary 
operating speed of the projector to meet a definite time schedule for showing 
the picture. When the schedule permits, however, accurate speed regula- 
tion is preferred since it enables a leader to keep his orchestra in better step 
with the picture. 


TEST QUESTIONS 


1. What are the two essential requirements of projectors 
equipped with sound heads? 
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2. Why must a disc run at a pre-determined constant 


speed? 


3. What principle.is employed in the interlocking of the 
motor system? 


4. Describe in full detail the method of obtaining constant 
speed. 


5. Give a complete diagram of governor circuit. 
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CHAPTER 199 


- How to Run the Show 


Preliminary Considerations.— Before giving in detail the steps 
to be followed in running the show, some general points will be 
touched on. Before any public showing, all presentations should 
be rehearsed as covered in the section on Rehearsing. 

The fader must always be kept at zero when the house isempty, 
except when testing with all theatre horns turned off, or when 
voice or music is actually being reproduced, with the motor up 
to speed, as covered in detail in these instructions. This is 
necessary : 


1. To avoid the record surface noise or film noise being noticed. 


2. To prevent the possibility of noises being heard from the horns at 
times when the pick up equipment is being handled. 


3. To preclude the voice or music being heard in distorted form when the 
motor is speeding up or slowing down, in case it has to be stopped during a 
reel from film breakage or other cause. 


4. When making a change over as described in detail in the instructions 
which follow, move the fader as smoothly as possible, and if a complete 
change over cannot be made in one movement, stop at zero for a fresh grip. 
Be careful not to over shoot the setting and then have to come back to it. 





If the installation include disc pick up, always keep the re- 
producer in the rest except when a record 1s set up. 

Under no circumstances is it permissible to run pictures with 
synchronized voice or music at any other speed than 90 ft. per 
minute. 

When running such pictures the motor control box regulating switch 
must always be set at ““Reg’’ and never at “‘Var.’”’ Any adjustment in the 
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timing of the program by speeding up numbers or slowing them down must 
therefore be done elsewhere than in the synchronized reels. 


A member of the staff appointed by the manager should remain 
in the theatre all through the performance so that the operator 
may have immediate and proper notification in case any part 
of the show is not coming over as it should. 





Fic. 7,906.—General Electric a.c. to d.c. motor dynamo compensarc. For use when the source 
of power is a.c. The equipment operates from an a.c. circuit and delivers d.c. of proper 
voltage to the projection arc. Sixty per cent of the moving picture theatres are located so 
that only a.c. is obtainable. The motor in this set, being a standard induction motor, can 
be obtained for any commercial lighting or power circuit whether single, two or three phase. 


The observer should be competent to judge quality of reproduction, syn- 
chronism, etc. He should be within reach of the observer’s telephone and 
given responsibility of notifying the operator immediately anything goes 
wrong. He should also keep the operator informed as to how well the house 
is filled, so that the latter can adjust the volume if necessary. 


Never make the monitor horn so loud that it can be heard 
outside the projection room. 


Keep the volume up just enough to follow the sound after the numbers 
have started, and make it a little louder before cues. 
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Do not cut synchronized film or sound film except in case of 
breakage. 


If it be found desirable to eliminate bows at the end of the film, use the 
douser. If there be insufficient leader to permit proper threading of the film 
at starting, more blank leader may be added, provided of course, it is added 
before the “‘start”” mark. Leader must always be so added if it be found that 
the voice or music begins before the motor is fully up to speed. 


If the machine be equipped with a safety device which stops 
the motor when the film has run through, then, with disc re- 
production, in case the record do not end until some time after 
the finish of the film, this ending will be spoiled through the safety 
device shutting down the equipment, unless sufficient blank film 
be added at the end to prevent this device operating until the 
music is finished. 


Check this point during rehearsal and before running show make sure 
these blank lengths have been added to any reels that require them. 


With subjects using disc reproduction a broken film 1s a more 
serious interruption than with ordinary subjects, on account of 
the need for synchronism between record and film, and with 
film reproduction, a break is also specially objectionable because 
it cuts off the music as well as the picture. Therefore, examine 
all synchronized films and sound films with extra care while re- 
winding, so as to catch tears before they develop into breaks. 
For this reason, rewind by hand and not by motor. 


In film reproduction make especially sure that the film has been put in as 
good condition as possible and that the mechanism is clean. Oil or grease 
from the projector or film pick up mechanism is particularly liable to get on 
the first few feet of film. Keep emergency films in containers unless they 
have to be used. 


Synchronized films and sound films come treated ready for immediate use, 
and require no different care from ordinary films, except as just noted. 
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Keep all records in envelopes they come in, when not in use. Put each 
record in its envelope with the playing side next the felt, and facing you. 
Keep the records in correct order for the next show. 
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Fic. 7,907.—General Electric motor dynamo compensarc wiring diagram. In operation the 
current can be varied over a wide range by means of the field rheostat as the operator sees fit. 
The first arc is struck in the usual manner. The second lamp being short circuited by means 
of the switch. When ready to change over to the second lamp the carbons are brought 
together until they touch. The short circuiting switch is then opened. To shut off the first 
lamp the carbons are gradually brought together and the short circuiting switch closed. 
Two picture machines and a spotlight can be used, if only two of the arcs be used at the same 
time for change over and only one burn continuously. Since no steadying resistance is used 
the dynamo has been designed to operate over a wide range of load with approximately the 
same operating efficiency, whether one or two of the lamps be burning. 





Synchronized Subjects.—The process of running synchronized 
subjects, using either film or disc reproduction is as follows: 


1. Follow out starting and testing procedure, and set up first 
two synchronized numbers on the two machines to be used ' 
exactly as described in preceding sections. 
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2. strike arc on first projector in usual manner. 


3. When lamp is in operating condition and show is ready to 


“proceed, start motor of first projector. 


4. When motor is up to speed open douser. 


5. Bring fader up slowly so that it reaches correct setting just 


: before voice or music begins. This needs rehearsal. 


\ Va ii 


a 





Fics. 7,908 to 7,910.—General Electric control pane] with ammeter and field rheostat for 
motor dynamo compensarc. : 


The motor used in the Western Electric equipment takes four or five 
seconds to speed up, because of heavy fly wheel required. Never move 
fader from zero before motor has reached full speed, as this will completely 
spoil beginning of speech or music. If sound begin before motor has finished 
speeding up, add leader to film as required. 


6. For synchronized feature pictures, keep track of operation 
by listening to monitor and by watching screen for cues. 


Do not make monitor so loud it can be heard outside projection room. At 
cue SM, as given on cue sheet, start motor on second machine. At cue CO, 
operate change over so as to switch picture from outgoing projector to in- 
coming. As soon as voice or music from outgoing machine is finished, bring 
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fader of this machine to zero, and then up to proper setting for incoming 
machine in time to catch first note of music. This needs rehearsal. Stop 
outgoing machine, kill arc and set up third film and also third record, with 
disc method. 


7. For synchronized subjects other than feature pictures, keep 
track of operation by listening to monitor and watching pictures. 


As soon as last note of music or last word is heard, bring fader to zero, 
then fade out picture as soon as subject matter requires. Start second 
machine in same manner as already described for first machine. Proper 
instant for starting second machine so as to get right time interval between 
end of first subject and beginning of second, must be determined by re- 
hearsal. Never stop motor on any machine before fader has been brought to 
zero or switched to incoming machine, as otherwise end of speech or music 
will be spoiled. Stop outgoing machine, kill arc, and set up for third subject. 


8. Continue process of switching from one machine to the 
other until show is completed. 


9. When synchronized presentations are finished shut down 
amplifier and power equipment as covered in previous sections. 
Put away films and records. 


10. When using film pick up, after running each reel, wipe off 
with a rag the light aperture and film tracks of aperture plate 
and tension pad in reproducing attachment, so as to guard against 
possibility of dirt accumulating and obstructing light beam or 
scratching film. 


Non-synchronized Subjects.—When films without synchron- 
ized accompaniment are being used, and it is not desired to op- 
erate at the standard synchronized speed of 90 ft. per minute, 
throw the regulating switch on the motor control box to the 
VAR, position and turn the control knob to regulate the speed 
as desired. The motor is started and stopped by the foot switch 
used in synchronized operation. 
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Use of Tilting Mechanism.—If the house have both a front 
and a: back screen, change the projection angle, in going from 
one screen to the ‘other, by turning the tilting hand wheel. 


Upper and lower stop nuts are provided to check the movement of the 
hand: wheel when the correct angle is reached. Be sure to loosen the tilting 


clamp before turning the hand wheel, and also to tighten it again when the. 
angle has been changed. 





Fic. 7,911.—Superior projector. Head. mechanism, gear side showing new rear shutter, new 
framing device and special gear for attaching sound reproducer equipment. Timing 
Shutter; since the shutter must operate.im’éxact synchronism with the intermittent move- 
ment it is necessary that they should be in proper relation. To accomplish this turn the fly 
wheel in the direction it revolves until the intermittent sprocket starts to move, after which 
set the lower edge of the larger wing of shutter about one eighth of an inch above centre of the 
aperture plate opening. If travel ghost, streaks or a blurry effect be apparent the shutter is 
out of time and should be adjusted until these conditions are eliminated. 


If for any reason it be desired to change the tilt of the machine by a large 
amount, first see that the tilting clamp is tight, then loosen the two tilting 
stud set-screws, which grip the tilting rod. Hold the rear of the lamp house 
bracket in one hand, loosen the tilting clamp with the other, and tilt the 
machine as desired. Then tighten clamp and set-screws. See instructions 
on page 4,841. 


Use of Foot Brake.—When the foot switch is pressed down 
lightly, it turns off the starting switch and stops the machine. 
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If it be pressed down more heavily, against the resistance of the 
spring, it applies a brake to the motor fly wheel. However, thts 
braking feature 1s not to be used as a regular practice, as this 1s 
not necessary and would cause excessive wear. It 1s only to be 
used in emergencies, such as film breakage, when a quick stop 1s 
necessary to avoid damage. 


Rehearsing.—In order to give a satisfactory performance with 
synchronized presentations, adequate rehearsal is necessary to 
cover the various points which will be listed. 





Fic. 7,912.—Superior projector. Head mechanism, film side showing new rear shutter, new 
framing device, mask on aperture to cut off sound track in connection with sound film. 


The house manager should be present at these rehearsals with an observer 
at the telephone set. The subjects should be run off in the same way as 
for an actual performance. Time spent in careful rehearsing will be amply 
repaid in the perfection of the show, and the actual presence and interest of 
the house manager js indispensable. Light effects and any special features 
of the forthcoming show should be considered and tried out in conjunction 
with the rehearsal procedure described here. 


Note that, as previously mentioned, adjustments in the timing of numbers 
must be confined to parts of the program other than the synchronized reels; 
the latter must always be run at standard speed, with the regulating switch 
on the motor control box set at REG. 
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The points to check are as follows: 


— 1, On first reel of each synchronized feature picture and on 
first of each group of short subjects shown, determine how soon 
after starting motor fader should be brought up to its full setting. 


It should be brought up slowly, taking two or three seconds, and should 
reach this point just before the voice or music begins. Add blank leader if 
necessary . 


2. For remaining reels of a feature, determine how soon after 
change over fader should be brought up to its full setting. 


Usually this will be immediately after change over. 


3. For short subjects, determine how soon after end of voice 


or music accompanying each subject the picture should be faded 
out. 


On second and following subjects, determine when motor of incoming 
machine should be started to allow proper time interval between subjects, 
and when fader should be brought up to its setting to catch incoming music. 


~ 


4. If using a safety device that stops motor when film has run 
through, see whether there be any reels where the film terminates 
before the end of the record is reached, and add blank film at 
end as required. 


5. As previously mentioned, in houses where the upper horns 
_are of the 12-A type and the lower horns of the 13-A type, and 
where an output control panel is used, with a separate control 
for each horn, three different types of combinations or settings 
of the upper and lower horns are used, and designated respectively 
by the letters A, B andC. 


The A, setting is for vocal and instrumental solos or speech and uses 
upper horns only or upper horns with some lower horn. 
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The B, setting adds more lower horn to bring out effect of orchestral 
accompaniment. 


The C, setting is for orchestra alone and carries further result mentioned 
for the B, setting. 


After setting up the record or film as directed, adjust the horns for an A, 
B, or C, setting as required for the particular subject being shown. 


Inasmuch as the settings are determined by careful tests of the house, 
they shouid be followed without change. Other settings may throw the 
system out of balance electrically and overload it or distort sound. 


6. Asa matter of convenience, and in order to give the theatres 
the benefit of the opinion of the recording and engineering staffs, 
recommended fader and horn settings are frequently marked on 
records or films or given on cue sheets sent out with them. 


Amplifiers are so adjusted that with a full house, and fader setting 
recommended, correct full house volume is obtained. With house only par- 
tially filled, fader should be brought down one or two steps. 


7. Determine horn settings and empty house fader setting for 
each number, bearing in mind any recommendations marked on 
or accompanying record or film. 


Do this with care and in particular do not permit too high a volume. 

Synchronized scores to feature pictures should be run at a volume appro- 
priate to incidental music. Never make the volume so loud that it causes 
the needles to oscillate on the amplifier plate current meters. If this happen, 
it 1s a sure sign of overloading and poor quality. 


speakers talking at a distance or in conversational tones should be repro- 
duced with less volume than those speaking close or obviously talking 
Jjoudly. Instrumental solos should have less volume than full orchestras 
(not accompanying), bands, etc. In news reels, street noises, locomotive 
whistles, etc., should be loud to give correct illusion. 


8. In certain records effect may be improved by bringing fader 
up or down a step at certain points in the picture, as Just men- 
tioned. 
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Even the horn settings may occasionally be changed during a number as 
record changes from light or vocal effects, which are best reproduced by 
upper horns, to heavier orchestra music for which lower horns are brought 
out. However, discretion must be used in not making too great or too fre- 
quent changes in horn and fader settings; each record is made under skilled 
musical and technical direction in such a manner that when it is reproduced 
the effect desired by composer, artist and conductor will be obtained without 
any need for frequently changing settings while playing. If they be 
changed too much, therefore, proper effect will not be obtained. 


9, Having rehearsed show and determined all settings, curtain 
cues, etc., record them in the form of a cue card posted in the 
booth. 


10. In communicating with the operator by means of the tele- 
phone set it will be found handy to use the buzzer with the fol- 
lowing code: 


ONG: DUZZ . cokes ces thaewsseaenensies Fader up one step. 
LE WO! DUZZOS oe sisene 0 o0iath sis eee eee Fader down one step. 
Three DuzZeS....scccccceccccones Answer over telephone. 


TEST QUESTIONS 


1. What fader setting should be used when the theatre is 
empty? 


2. What is the proper film speed for pictures with syn- 
chronized sound? 


3. How shotild the motor control box regulating switch be 
set? 


4.- How can the operator tell whether the sound is coming 
over properly? 
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5. What should be done in the case of broken films? 
6. Draw a diagram of a motor dynamo compensarc. 


7. Describe the process of running synchronized subjects 
using either film or disc reproduction. 


8. What is the procedure in running non-synchronized 
subjects? 


9. Explain the use of the tilting mechanism. 
10. How is the foot brake used? 

11. Describe the method of rehearsing. 

12. What is the buzzer signal code? 
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CHAPTER 200 


Troubles During the Show 


The projectionist should become familiar with the instructions 
given herein so that troubles may be quickly located and reme- 
died thus continuing a programme with the minimum of inter- 
ruption. 

Whenever the sound is not coming over as it should, the fader 
can be employed to cut it out until the trouble has been located 
and remedied. It is much better to do this than to continue the 
sound accompaniment when it is obviously bad. If the fader be 
propérly handled all kinds of trouble may happen and be rem- 


edied by the projectionist without the audience noticing any- 
thing seriously amiss. 


Emergency Equipment.—Whenever trouble occurs, use the 
emergency equipment or emergency set up if one be provided and 
endeavor to locate and remedy the difficulty, if possible, by fol- 
lowing the instructions given here. If unable to cope with the 


trouble notify the manufacturer of equipment to send a service 
man. 


Fuses.—The installation has fuses at the following points: 


Motor control box—Two 10 amp. plug fuses on a@.c. 


Two 15 amp. plug fuses on d.c. 
_ Battery panels. 


Box for film dry batteries—1 amp. midget fuses. 
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Horn cut out box (back stage)—3 amp. plug fuses. 
46-A or 46-B amplifier (if used)—Two 3 amp. plug fuses. 
KS-5321 motor generator (used on d.c. only)— 
Generator—Two 10 amp. cartridge fuses. 
Motor (115 V.)—Two 20 amp. cartridge fuses. 





- Fic. 7,913,—Pacent film head with oiling and greasing indications. 


Motor (230V.)—Two 10 amp. cartridge fuses. 
Volt meter—Two 14 amp. midget type fuses. 


Battery charger (used on a.c. only)—Three 5 amp. plug fuses. 


If one of the fuses burn out, replace it by a new fuse af the 
same type, as covered in the instructions which follow, but if 
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‘it blow a second time, do not renew it until the cause of the 
trouble has been found and remedied. 


Before removing the rear cover of any piece of amplifier equipment, be 
sure to turn off the power and keep it off until the cover is replaced. Also 


switch off the power on the battery switching and charging panel before 
replacing any fuses. 


Testing Equipment for Faults.—If all conditions appear nor- 
wa and still no sound be heard from the horns, and no relief be 
afforded by any of the procedures that will be described, the indi- 
‘cations are that a break or short circuit exists somewhere in the 
‘sound circuit. In this case listen in with the head set along this 
circuit, starting at the disc or film pick up with a record playing, 
and working on toward the horns until the location of the fault 
is shown by coming to a spot beyond which nothing is heard. 


Be sure to use very little gain, as otherwise the head set will be overloaded 
and possibly damaged, and the quality will be spoiled. Use the same method 
to locate the source of noise or bad quality 


Use a battery and buzzer to test lines for opens or shorts, but never to test 
amplifier or reproducer circuits, as this may upset the magnetic character- 
istics of the coils. 


On some amplifiers two or more tubes are operated with their filaments in 
series; if one:ttibe burn out, the others will then be extinguished. If two or 
more tubes go dark at once, therefore, it should be realized that only one has 
burnt out. This tube may be located. by inspection, or the replacing tube 
can be tried in each socket in turn. 


1.—Troubles Occurring while Testing 
1. Charger not functioning (a.c. supply only). 


a. On charger used with a.c. supply, if a rectifier bulb do not light, its 
filament may be burned out. Also a fuse on battery panel may have blown. 
Clean tube socket. If tube still do not light, replace it by one of spares 
supplied. 
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b. If tubes light but charyer do not give output, a fuse inside a 
may have blown 


2. Motor does not start. 


a. Is line switch on? 


b. Fuse may have blown in motor control box. 


3. Reading on motor control box meter not within specified 
limits. 


a. If reading be too high, on a.c. or too low, on d.c. it indicates excessive 
friction at some point in mechanism. If this be not attended to immedi- 
ately a bearing may freeze, rendering a projector temporarily useless. Stop 
machine and oil all bearings immediately abnormal reading is noted on 
meter, particularly any bearing that seems unduly hot. If trouble persist, 
notify manufacturer to send service man. 


4. Motor does not maintain regulated speed. 


a. Notify service man at once. 


5. Unsteady pitch in reproducing (flutter). 


a. With film reproduction, there may be dirt on the sprocket in the film 
compartment of the attachment. If this cause do not exist, notify service 
man at once. 


6. Reproducer not tracking properly. 


a. This occurs when needle jumps from groove. See that reproducer is 
not dragging on record, and that it is not hitting anything or otherwise being 
hindered from free movement. Put in new needle. Try new record. The 
swivel base on which the reproducer swings 1s mounted on a bracket, which 
in turn is clamped to the base by a bolt. See that the bracket is level and 
that the bolt has not loosened and allowed it to turn. 


7. Excessive or insufficient plate current. 
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a. If this be noticed on testing the amplifiers, replace the tube showing 
this condition by aspare. When two or more tubes on an amplifier all show 
low plate current at the same time, try replacing the rectifier tubes on that 
amplifier (the 41-A amplifier uses the rectifier tubes on the 42-A amplifier). 


This may also be a sign of defective condensers (see paragraph f under head- 
ing, Volume falls off or. ceases). 


8. No sound from one horn. 


a. Fuse may have blown in cut out box back stage. 


b. If fuse‘in cut out box has not blown, replace receiver. 


$ 


Friction Clutch 


Sees. 


FrictionClutch =~ : Extension 
Spacer 





Fic. 7,914.—Pacent friction clutch spacer with oiling indications. 


9. Volume falls off or ceases. 


a. If system be a double one, having emergency amplifier equipment, cut 
in emergency amplifiers by means of key on system transfer panel. If this 
clear trouble, continue use of emergency amplifiers until a service man 


4,948 Troubles during the Show 


repairs or replaces defective regular amplifier, unless trouble can be cleared 
as will now be described. 


b. One of amplifier tubes may be burnt out. If so, replace with a new 
tube of same type. 


c. One horn may have short in line or winding through which sound cur- 
rent passes, thereby causing others to receive no power. Turn off all horns 
by means of keys on output control panel, or if these be not provided, then 
by means of switches in horn cut out box back stage, and then try to locate 
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Fic. 7,915.—Western Electric fader. 


bad receiver by turning horns on and off one ata time. They should all give 
volume except bad one. If defective receiver be found, replace. 


d. Possibly fuses in horn supply circuit on battery panel have blown. 


e. Check reproducers by switching from one to the other on fader. If one 
be bad, replace. If neither give any sound, check fader and circuit by 
means of head set, or as follows: 






Troubles during the Show 4,949 


f. In systems using 41, 42 and 43 type amplifiers, left hand key at top of 
fader, called fader cut out key, fig. 7,915, can be used to cut out either side 
of fader circuit. If this key be thrown to left (red) for example, reproducing 
equipment on red machine will be connected direct to amplifiers without 
going through red side of fader. Similarly when key is thrown to right 
(white) side, white machine is connected direct to amplifiers. To check 
whether trouble be due to defect in fader, try using cut out key in this man- 
ner. If this eliminate trouble, use cut out key for change overs, instead of 


fader until service man can repair or replace latter. Regulate volume by 
means of gain control on 41-A amplifier. 
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Fic. 7,916.—Western Electric type 46-B amplifier. 


g. With film reproduction, exciting lamp may be out of focus or burnt 
out, or opening in photo-electric cell may be out of line with opening leading 
to film compartment. Position cell properly. 


h. If system use one or more 43 type amplifiers, and plate current reading 
on one of these amplifiers is very low or is zero, probably a condenser has 
failed. A further indication of this is that plates of rectifier tubes of ampli- 
fier affected may begin to get red hot. Turn off power on this amplifier, by 
means of amplifier starting switch. Locate defective condenser as follows: 
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Remove front cover of amplifier. The condensers are connected in parallel 
in two groups, the first group containing C-2 to C-10 inclusive and the sec- 
ond group C-11 to C-19 inclusive. Unsolder connection coming from behind 
panel to lower terminal of C-2. Turn amplifier starting switch to plate. If 
plate meter reading be now normal, it shows bad condenser is in C-2 to C-10 
group. Shut off switch. Restore connection on C-2 and unsolder connec- 
tion between C-2 and C-3. Turn on switch. If meter reading be still 
normal, it shows C-2 is good and bad condenser is in C-3 to C-10 group. 
Restore connection on C-3 and unsolder connection between C-3 and C-4; 
test again with switch and meter, and so on until a condenser be found which 
when connected causes meter reading to fall. This will be the bad con- 
denser. Cut it out by connecting together directly the lower terminals of 
the two adjoining condensers, instead of making the connection through the 
lower terminal of the defective condenser. 


If in the first place when the connection coming from behind the panel is 
unsoldered from the lower terminal of C-2, this does not bring the meter 
reading back to normal, it shows that the defective condenser is in the C-11 
to C-19 group. Then restore connection on C-2, unsolder connection 
between C-11 and C-12, and test for defective condenser as already de- 
scribed for C-2 to C-10 group. 


4. If all fuses be in good condition and all current and voltage readings 
normal, probably there is a ground, open circuit or short circuit somewhere 
in the system. Try to locate fault with head set. Possibly a loose or 
grounded connection may be found which can be readily repaired. 


‘If system have no emergency amplifiers and includes one 43-A amplifier 
and this is found to be defective, disconnect its input and output terminals 
(accessible by removing the back cover) and run system off 500 ohm output 
terminals of 42-A amplifier. If system use two 43-A amplifiers and one is 
found to be defective disconnect its input and output terminals. When 
cutting out an amplifier as just described the loss of power can be partly 
compensated for by running the fader higher, or raising the gain control dial 
on the 41-A amplifier one or two steps. Be careful not to impair quality by 
raising fader or gain so much as to overload amplifiers. 


10. Poor quality or noisy output. 


a. See paragraph a under previous heading ‘‘Volume falls off or ceases.” 


b. One of amplifier or rectifier tubes may be burnt out. Replace with 
spare of same type. For amplifier use, this must be a new tube. 


c. A receiver may be defective. Test horns one by one as described in 
paragraph c under previous heading. 
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d. Film may be scratched or dirty. 


e. A reproducer may be defective. Test reproducers as described in 
paragraph e under previous heading. 


_ f. Fader may be defective. Check as described in paragraph f under 
previous heading. 


g. One of amplifier tubes may be defective. Take a new tube and try it 
in place of each tube in turn until the noisy one is located. 


h. Storage batteries may be dirty on top. See that they are kept clean. 
Storage batteries may have been put in use too soon after charging while 
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Fi G. 7,917.—Pacent optical chamber with oiling indications. 


still gassing. About half an hour is required for gassing to cease completely. 
Storage battery connections may be loose. Keep them tight. 


t. There may be poor ground or loose connection at some point in system. 
Examine connections and tighten any found loose. If trouble be still 
unsolved, use head set, and if a defective 43-A amplifier be found, cut it out 
as described in paragraph 7 under previous heading. 


11. Observer’s equipment not functioning. 


a. If not loud enough to enable observer and operator to hear each other, 
or if buzzer be weak or inoperative, make sure that switch on box is pulled 


4,952 Troubles during the Show 





out, and that batteries are in good condition. Replace batteries (open 


battery box by loosening screw in cover). If trouble be not here, check line 
for shorts or opens. 


12. Film breaks (Film reproduction). 


a. As synchronism between pictures and sound is inherent in the film, 
no loss of synchronism is occasioned by a break. Therefore, deal with a 
broken sound film the same as with an ordinary film in the samecircum- 


stances, but in making splice be sure to follow directions given for Splicing 
Film. | 


Rares 





Fic. 7,918.—-Pacent gear box with removable cover. 


13. Film breaks (Disc reproduction). 


a. Douse light, turn fader to zero and stop motor. The next step, as 
specified below, will depend on whether the break is above the intermittent 
or below it, and whether the sound only consists of a musical accompani- 


ment and incidental effects, or whether there be speech, close ups, etc., 
which make synchronism very important. 


b. Splice broken films. 
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14. Break below intermittent—all cases. . 


“4 


a. Run down film needed for winding around take up by means of hand 


wheel. Do not disturb film at aperture plate, or record and reproducer. 


Continue run, bringing fader to regular setting as soon as full speed is 
reached. Synchronism will usually be maintained under these conditions. 

However, ‘since audience ‘will lose some of-the- subjects it is generally better 
in the case of short subjects not to wait for re-starting a3 i ust: described, but 
to continue performance: immediately by showing: next 'sibject; ‘which is set 
up on other machine. ‘In the meantime broken, film can be: ‘Tepaired and 
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break be neat ‘end of reel it may not t be worth while returning to subject. 
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15. Break above intermittent __with Spebch or other meals ac- 


“companiment where exact synchronism 1s_essential. 
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a. In this case it is not possible to continue on: broken film without losing 

- synchronism,. and there is therefore no. option except to continue program 

, owith next reel, which. 3 1s, set up on: other machine, or else cut out sound for 
remainder of this reel. : ce | 


rae » ‘ . 


16. Break above Seana x music: ‘or other sound 
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tolerated ital emergency, unless there be:a directicue in record, such a as a 
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a. If the needle jump back the sound will repeat, and may keep on 
repeating at every revolution of the record. Ifthe needle jump forward, the 
sound will be ahead of the picture. The procedure will depend on the char- 
acter of the film and on ‘where the jump occurs. Any record on which the 
needle has jumped must never be used again, and the reproducer should be 
checked as soon as possible, when covered under “Troubles occurring while 
Testing—Reproducer not Tracking Properly.’ Bring fader to zero as,soon 
as jump is noticed; the next procedure will depend .on circumstances as 

follows: 
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With speech or other sound accompaniment where exact synchronism is 
essential. In this case it is not possible to continue without losing synchron- 
ism, and there:is therefore no option except to continue program with next 
reel, which 1s set up on other machine, or else cut out sound for remainder 
of this reel. 


ag 


Mounting Screws, 
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~~ << Driving pinion oil 
holdinback of 
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; 


Os 





Frc. 7,919 —Pacent driving pinion with oiling indications. 


With music or other sound accompaniment where exact synchronism 1s 
not essential. Keep projector running, and look over reproducer quickly to 
see if there be any visible cause for jump, such as reproducer body dragging 
on record or reproducer hitting something that prevents it moving freely. 
If so, remove obstacle or change reproducer. This of course involves loss of 
accompaniment for remainder of reel. 
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If no cause for trouble be evident, then, if needle jumped back, change 
needle, move reproducer over to a position two or three grooves ahead of 
_ where it was when it jumped, and restore fader to its regular setting. If 


needle jumped forward and if it now seem to be tracking properly, restore 
fader to regular setting. 


a 


. Synchronism is lost when record is continued after needle has jumped, so 
in such cases if there be any direct cues in picture, such as knocks, voices, 
cheers, etc., fader must be put down to zero when passing over them. 


ma 
e t- 


~ 


18. Quality goes bad or noisy and volume falls off or ceases. 


_ See recommendations already made under these headings in previous 
section “Troubles Occurring while Testing.” 





Fics. 7,920 and 7,921.—Victor Cine projector with oiling indications. In fig. 7,920, locate and 
oil: 1, main bearing oil tube; 2, front motor bearing tube. Slide cover aside to expose hole; 
3, rear motor bearing; in fig. 7,921, locate and oil; 4, cam bearing tube; 5, gear shaft (directly 
behind lens mount); 6, sprocket shaft tube; 7, upper reel shaft; 8, lower reel shaft; 9, rewind 
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TEST QUESTIONS 





be done? 


2. What may be said of the emergency equipment? 
3, Where should fuses be installed? 


4. D 
5. G 
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escribe the method of testing the equipment for faults. 
list of eighteen troubles occurring while testing 


When sound is nat coming over properly, what should 


and. explain’ in full the various remedies to be 


applied. 
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CHAPTER 201 
Technicolor 


‘Technicolor .—This is a process for photographing pictures 
_ in their natural colors. The process as described by Cameron is 
briefly as follows: 


An especially sensitized negative is run through a camera which photo- 
graphs simultaneous pairs of pictures; one member of the pair recording all 
the warm tones of the original scene, the other member of the pair recording 
all the cold tones of the original scene. These color records appear on the 
negative in black and white, that is to say, in varying densities of black 
silver, just like any other negative. 


The color records are transferred from the negative to a positive by the 
usual photographic procedure. These positives are then colored with dyes, 
one with warm colored dye and the other with cold colored dye. These two, 


when superimposed, recreate the original scene in both its warm and cold 
tones. 


Needless to say the actual camera filters and the actual pigments used 
in the positive process are very carefully selected and balanced. to give 
brilliant primary colors as well as the softer intermediate tones. 


The original technicolor process resulted in a positive film which had the 
two companion images on opposite sides of the film. This naturally re- 
quired special attention on the part of the operator to make sure that what 
ordinarily is the celluloid side of the film was not being rubbed or abraded 
in any way in his machine; since such abrasion would be affecting one of the 
emulsions of the technicolor film. Furthermore, to show the images of the 
two sides of the film to maximum advantage, it was desirable that the pro- 
jection lens be racked forward slightly. The added emulsion also caused 
a slight increase in thickness of the film which gave it a flexibility somewhat 
different from ordinary film and also made it desirable to have film gate 
tension on the projector somewhat looser than normal. These differences. 
are characteristic of all double coated stock. 
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For the past year technicolor release prints have been made by a new and 
improved process wherein both images are embedded in one emulsion so 
that the resultant film is mechanically like a black and white film. The 
advantages of this improvement will be obvious to the projectionist. What 
corresponds to the emulsion in this new film is a very hard and glassy looking 
gelatin so that the appearance of the film in‘the hand 1s a little different 
from black and white and care must be taken to distinguish the celluloid side 
from the gelatin side. To assist the operator, all technicolor prints have a 
little red tab at the side of the picture. When holding the film in the hand 
with the little tab at the left of the picture the gelatin side is then facing 
you. When splicing this film, care must be exercised to see that the es- 
pecially hard gelatin is entirely scraped away where the patch is to be made. 


ny me 


1. What is technicolor? 


2. How do color records appear on the negative? 


3. How: are color records transferred from the nega- 
tive to a positive? 


4. Describe the original technicolor process. 


5. Explain the new and improved process. 
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CHAPTER 202 


Booth Wiring for Projectors 
- Kinebooth Wiring 1 









In the preparation of this chapter the author has had the 
able assistance of Mr. Alvin Seiler, Director of Engineering 
of the National Theatre Supply Co., New York City. 


To become a good booth wireman, it is necessary to have a 
thorough knowledge of the various items of apparatus and 
equipment to be installed in the booth and to be familiar with 
the functions thereof, so that the wiring can be properly 1n- 
stalled to meet the requirements of the various pieces of ap- 
paratus. Since all the apparatus has been described in other 
chapters, it is unnecessary to go into that part of the subject 
here. | 

The simple elements comprising the light projector system 
are: 

1. The hght source. 

2. The lens system; 

3. The screen or reflecting surface. 


The simple process employed is to introduce an object of 


NOTE .—Because of the many instances in which a misnomer has been applied to designate 
the room.in which motion picture projectors, stereopticon projectors, effect projectors, spot- 
lights, and auxiliary apparatus and equipment are located, the word ktnebooth has been adopted 
and accepted by architects and engineers to define that particular section of a building .—Serler - 


NOTE.—To aid those operating series arcs, the author includes such arrangement in this 
Chapter, although the present practice is to wire the arcs in multsple. See Chapter 204 for 
additional multiple arc diagrams. 


4,960 Booth Wiring for Projectors 


variable density ranging 
from opaque to transparent 
(or opaque and transparent 
for black and white projec- 
tion, or color mediums as 
desired), between the light 
source and the lens system 
projecting the image against 
a screen or reflecting sur- 
face. 


IMAGE. ON SCREEN 





The ideal and most effi- 
cient plan of location of the 
apparatus comprising the 
simple elements would be to 
place the projector slightly 
above the horizontal and to 
have the audience seated 
slightly below the horizon- 
tal, as shown 1n fig. 7,922. 
As structural building con- 
ditions do not always permit 
the ideal arrangement, this 
and many other factors nat- 
urally govern the results 
to be obtained from a 
light projector system just 
described. The following are 
some of the primary factors: 


HORIZONTAL LINE 
LINE OF VIstor 


-ENS SYSTEM 


=e 
OBJECT. 


j 
J 


LIGHT SOURCE 


1. Quality and intensity 
of light at source. 


Fic. 7,922.—Diagram illustrating proper placement of projector and screen. 
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TO CONSTANT VOLTAGE 
SUPPLY LINE 


Fic. 7,923.—Hertner wiring diagram showing method of connecting type AA, and A ballast 


rheostats. 


a ee carne | 


This single pole switch fo be 
open when buming ma trim, eer ne 
and closed for novmal operation. 





TO CONSTANT VOLTAGE 
SUPPLY LINE 


Fic. 7,924.—Hertner wiring diagram showing method of connecting types G and H ballast 
rheostats. _ ee 





TO CONSTANT VOLTAGE 
SUPPLY LINE 


Fic. 7,925.—Hertner wiring diagram showing method of connecting types B, C and D, bal- 
last rheostats. es 
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2. The lens system; 


3. The light reflecting and distributing properties of the 
screen surface. 


4. The angle of the axis of the projected light beam. 


Careful study and analysis must be made of all conditions surrounding 
the simple elements, such as distance, angle, area of the screen, size of 
auditorium, etc., before selecting the projector apparatus. 
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Fics. 7,926 to 7,928.—Methods of connecting incandescent lamp source. Fig. 7,926, fixed 
control; fig. 7,927, variable control resistor type; fig. 7,928, variable control transformer type. 


With the many auxiliary devices introduced to refine and elaborate the 
simple process of the light projector system, it is quite evident that the 
use of electricity plays an important part and the installation of correct 
and adequate wiring 1s most essential. Each application presents distinct 
and individual problems and no fixed rule or plan of wiring can be given. 





Booth Wiring for Projectors 4,963 
Booth wiring in general is usually divided into five sections: 
1. Projector wiring for projector light source 

a. A.c. wiring; 
b. A.c.—d.c. wiring; 
c. D.c. wiring.: 


2. Light wiring; 
3. Power wiring; : 
4. Sound system wiring; 


THIS SINGLE POLE SWITCH TO BE 
OPEN WHEN BURNING IN A TRIM 
AND CLOSED FOR NORMAL OPERATION 





@ —c=—r 
CQ —a— 
TO CONSTANT VOLTAGE 
SUPPLY LINE 


Fic. 7,929.—Hertner wiring diagram showing method of connecting types J, K and L, ballast 
rheostats. | 


5. Signal system such as phones, buzzers, indicators, etc. 


This chapter treats only of projector wiring, the sound. system wiring 
being presented in Chapter 203. Considerable information on theatre 
wiring in general being given in Chapter 204 in question and answer form. 


A. C. Wiring.— Where incandescent lamps are employed as 
the light source the connections for each projection unit are 
made as shown in figs. 7,926 to 7,928. 

When two or more projector units are installed, the wiring 
shown in these diagrams is done in respective multiples and 
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| REGULATOR 


A.C. MOTOR SWITCH 


J STARTER 






D.C. GENERATOR 





A G. MOTOR 


CORK PADS 
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Fic. 7,930.—Wiring diagram of double arc three phase transverter with control panel. Trans- 
verter should be on a floor that is free from vibration. It is not necessary to bolt it down. 
Set the machine on the four cork pads which are provided for this purpose. Wiring. Make 
connection from the a.c. line service to the starting switch and from the starting switch to 
motor terminals as shown. On two or three phase equipment close the switch and make 
sure that the armature rotates in the direction indicated by the arrow on the top cap. If 
the armature rotate in the wrong direction, it must be corrected by reversing the leads to 
one phase of the motor terminals. Single phase equipment will always start in the proper 
direction when connections are made according to the diagram. Caution. Do not change 
connections inside of transverter unit to correct direction of rotation or polarity. The 
machines are all checked up complete with their equipment when tested. The motor must 
be connected to proper side of the line and connections to panel must be made correctly 
to bring polarity of the instruments and lamp carbons correct. Fuses. Fuse the a.c. 
motor side of these machines only. The d.c. generator circuit does not require fuses or switches 
other than on wiring print accompanying the machine. The a.c. fuses at the a.c. motor 
starting switch must be of large enough capacity to carry the maximum load of the ma- 
chine. Fuse according to voltage of line service. Wiring to lamps. Use wire of size 

. proper for capacity of machine to connect from L and A, on the transverter to panel board, 
and lamps. No. 14 or No. 12 size wire may be used to connect F, on transverter to the F, 
on the field regulator in panel board. 
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distribution to the units 1s made from the a.c. panel board 
preferably located in the kinebooth. Miscellaneous branch cir- 
cuits may also be taken from the panel board thus comprising 
a simple wiring system. 

Incandescent projector lamps are wide only to installa- 
tions where a small picture 1s desired and the distance to the 
-gcreen is short, rarely in excess of fifty feet. 


These installations are usually. made in small schools and auditoriums 
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Fic. 7,931.—Wiring diagram of double arc single phase series arc transverter with control 
panel. To start throw the handle of the switch to the position marked start. Jioid there 
until unit comes up to speed, then throw over to position marked run. The starting time 
is approximately 20 to 30 seconds. 
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Fic. 7,932,—Wiring diagram of Forest M. P. 15 rectifier. 
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Fic. 7,933.—Wiring diagram of Forest M. P. 30 rectifier. 
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_and the commercial use in small theatres is being abandoned. When ins 
candescent lamps are operated on d.c. circuits, connections as shown in. 
figs. 7,926 and 7,927 are used. { 


A. C.—D. C. Wiring.—As the size of the picture and the dis= 
tance to the screen increases, greater demand is made on the 
light source. The next step is to-employ an arc lamp. Alter- 
nating current at the arc results in an unsteady and flickering 
light. Direct current at the arc results in a steady light and as 
the temperature at the positive carbon is greater than at the 
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Fic. 7,934 -—Wiring diagram for two double arc transverters connected for emergency use. 


nai els carbon, the light is generated at a concentrated point 
which is an advantage to the optical or lens system. 


When the d.c. demand is low, an a@.c. to d.c. rectifier with ballast char- 
acteristics is sometimes employed for each projector unit. This wiring 
diagram is shown in fig. 7,932. 


When two or more projector units are installed, the wiring is done in 
multiples as previously described, and the a.c. distribution system re- 
mains the same. 
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D. C. Wiring.—To meet the various requirements at the light 
source, several types of arc lamps have been designed. The 
standard types are: 


1. Tandem arc. 2. Angular arc. 3. Reflector arc. 


50 TO 65 VOLTS - 10 TO 150 AMPERES. 
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Fics. 7,935 to 7,937 —Various projector arcs. Fig. 7,935, tandem arc; fig. 7,936, angular 
arc; fig. 7,937, reflector arc. 


As conditions further increase the demand at the light source 
and by the grouping of several projectors the d.c. demand con- 
tinually rises. Due to the special characteristics and require- 
ments made on the d.c. supply, an independent system 1s de- 
sirable. Special generating apparatus has been designed which, 
of course, requires independent control and distribution. 
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1F A SECONDARY EMERGENCY 
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WIRING DIAGRAM FOR GENERATORS 
Fics. 7,938 and 7,939.—National d.c. control cabinet and wiring diagram, type SG-63. 
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Fics. 7,942 and 7,943.—Typical kinebooth layout for motiograph wuaehines: types F and G, and Brenkert spot C-4 or equal. Note 
A.—Cut both projection apertures 18”x7”. If stereopticon attachment is to be used on both machines. Note B.—Flare each 
cide of all apertures to line with side of proscenium arch, and slope bottom to line with foot. Note C.—Dimensions in table 
C are based on ¢ of spot lens being 48” from floor (O inclination). If this distance be more or less, add or deduct from table. 
Nvote D.—Information on the layout is to convey data regarding projection equipment only. Dimensions are based on the use 
of two motiograph type F or H, projectors and one spotlight (Brenkert C-4 or equal) generator and wire sizes are figured for 
low amperage reflector arc lamps on the projectors, and with not over 50 amp. on the spotlight. 
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The wall space available in the kinebooth being limited, it 
is desirable to lay out the wiring system as compact. and effi- 
cient as possible. This can be effectively accomplished by com- 
bining the control and distribution in one cabinet as shown in 
figs. 7,938 to 7,941. 


Location.—After a thorough analysis of the requirements is 
‘made, a complete detailed drawing showing the exact location 
of each piece of apparatus should be prepared. This drawing 
‘serves aS a guide to the wireman on the job and as a check 
against the electrical and structural requirements of the kine- 
‘booth. Figs. 7,942 and 7,943 is an example of a small kine- 
‘booth plan designed for installation of two motion picture 
‘<projectors (without sound equipment), one small spotlight, 
(one motor generator, one a.c. to d.c. rectifier for emergency 
‘use, etc. 


Figs. 7,944 to 7,947 is a plan designed for installation of two motion 
picture projectors (with sound equipment), one double lamp house dissolv- 
ing lantern slide and effect projector, one heavy duty spotlight, two motor 
generators, switchboards, dimmer bank, etc., 


Auxiliary Equipment.—There is usually a considerable 
tamount of auxiliary equipment installed such as, rewind ap- 
‘| paratus, film renovating machine, inspection and rewind table, 
1 carbon racks, film vaults, supply cabinets, fire extinguishers, 
-¥etc., some of which occupy wall space and careful considera- 
1 tion should be given to the location of these items so that 
electrical outlets can be provided where needed and that the wall 
2 space is properly allocated. 
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Light Wiring.—This section covers the wiring for small mo- 
' tors, general lighting, reelite inspection lamp, plug receptacles, 
etc., where the demand is under 1500 watts per circuit and 
it is good practice to provide a separate regulator type of 
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Fics. 7,944 to 7,947.—Typical kinebooth layout for Simplex model M machines. Brenkert F7 effect (or F6 slide ai ata and 
Brenkert C3 or equal spotlight, 
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panel board to take care of the kinebooth requirements only 
and not to connect these circuits to any panel board outside of 
ithe kinebooth. Always provide a liberal number of spare cir- 
‘cuits for future requirements. 


Power Wiring.—This section covers the wiring necessary for 
lall motors one h.p. and above, such as motor generators, venti- 
slating equipment, heavy duty curtain control, etc. This is 
Idone in the standard practice of wiring; feeders and branches 
vare run from the power distribution switchboard to the line 
‘switches thence to starters and motors. 


The control should be located in the kinebooth and as wall space is lim- 
ited, remote control starters should be used in almost all instances. It 
is good practice to provide the feeders and branch circuits in double the size 
of rated requirements as in many instances a change in equipment in the 
kinebooth places unusual demands on the wiring system. 


Sound Wiring.—This section is covered in Chapter 203. 


Signal System.—A complete signal and communication sys- 
-}tem should be installed in every kinebooth. An inter-com- 
‘municating telephone system is most essential. This should 
’ connect with the stage, dressing rooms, orchestra leader, ticket 
‘| booth, manager’s office, etc. 


It is also desirable to supplement this with a signal system of buzzers, 
drops or pilot lights between the stage director, stage electrician, or- 
chestra leader, etc., as a means of conveying cue signals to control the 
operation of the various apparatus. This wiring should be done in multi- 
conductor lead covered cable with sufficient spare conductors provided for 

.. future requirements. 

 Conclusion.—From past experience it has been observed that 

, 2 in the advancement made in design and application of various 
' types of light projector apparatus, continued increase has been 
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made on the demand for electric current not only in load re- 
quirements but in electric current of various characteristics. 
‘The introduction of sound with the motion picture has brought 
with it a sensitive and complex system of wiring. Satisfactory 
operation of all the combined equipment depends on the proper 
supply of electricity at points of demand. Therefore, the elec- 
trical wiring should be installed in the best manner possible 
with materials of highest quality. 
Tight connections, well soldered joints, good insulation, shielding and 
guarding of conductors are all very important. Many responsibilities are 
placed on the electrical contractor and wireman. It is advisable to consult 


with a reliable and experienced engineer and be guided by one person in 
directing the installation of the wiring and equipment. 


TEST QUESTIONS 


Name the simple elements of the projector system. 
Mention five provisions of kinebooth wiring. 

What is the proper placement of a projector? 

Name the various controls for incandescent lamp source. 
What are the conditions requiring a.c.-d.c. wiring? 
How are ballast rheostats connected? 

Name three kinds of arc. 


Describe light and power wiring. 


Draw a diagram of double arc, single phase, series arc 
transverter with control panel. 


10. Draw a diagram of a multiple arc three phase trans- 
verter with control and distribution panel. 
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To illustrate the method of wiring sound reproducing ap- 
‘paratus the RCA Photophone system is here presented. 


Generally speaking, RCA Photophone sound reproducing 
fequipment is divided into two general classes: 


1. Equipment with power supply for amplifier racks fur- 
smished by motor-dynamo sets. 


2. Equipment with power supply obtained wholly, or in 
j part from vacuum tube high voltage rectifiers. 


These equipments are known respectively as SPU (socket power unit) 
and MG (motor dynamo) equipment. Representatives of these two classi- 
fications are the PC-10 equipment and the PG-13 equipment which will 
be described in more detail in the following paragraphs. 


Type PG-13 Equipment.—This is the motor-dynamo oper- 

: ated equipment consisting of an amplifier with a motor gen- 

» erator set for power supply, two sound heads, two synchronous 

» discs, one booth monitor and one stage speaker with direc- 

! tional baffle. Ordinarily, it is intended that this equipment 

' be completely installed in the projection room, with the excep- 
tion of the stage speakers, of course. 
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All power for the type PG-13 equipment is supplied by a three unit: 
motor dynamo set. One dynamo is 600 volts, and supplies all plate and 
photo-cell polarizing voltages. | 


The second dynamo delivers the current at 12 volts for the exciter 
lamps, tube filaments, monitor speaker field and stage speaker field. The 
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Fic. 7,948.—General layout of a typical RCA type PG-13 installation showing inter-apparatus 
conduit runs. | 


12 volt machine is excited from the 600 volt machine. For standard equip- 
ment the motor is a 115 volt, single phase, 60 cycle machine. Whenever 
necessary, a 110 volt d.c. motor and d.c. projector motors are supplied. 


The dynamo set is enclosed in a metal cage approximately 48 ins. by 
18 ins. by 30 ins. high. This cage is made so that the front and back are 
removable by taking out about one half dozen thumb screws. The motor 
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dynamo set is mounted on a separate base and is not seen lca con- 
nected to the cage base. 


Type PG-13 Control Panel.—This is built on to the motor 
lynamo set and is an integral part of it. This panel is mounted 
it the middle of the motor dynamo set and stands approxi- 
nately 1 ft. off the floor, flush with the metal cage.. 


The controls on this panel consist of field rheostats, starting switch and 
two meters. The meters indicate the two voltages which are controlled 
by the field rheostats. The rheostats are built in tandem with a single 
knob similar to that used on broadcast apparatus... The knob is pushed 
-in to turn one rheostat, and is pulled out to turn the other. 


Turning on the starting switch puts the dynamo set in operation, and 
consequently places the whole set in operating condition. The dynamo 
set itself is mounted on a felt base, which is fire proofed. This is provided 
to eliminate noise due to vibration of the machine. 


Type PG-13 Amplifiers and Tone Control.—The amplifier 
unit consisting of voltage and power amplifiers, is built into 
a single unit somewhat similar in its general appearance to 
the socket power unit amplifier. 


The voltage amplifier is made up with a combination of transformer, 
resistance and impedance coupling. It consists of three stages using 
UX-112A tubes. 


The power amplifier consists of four UX- 250 tubes operating in parallel 
push-pull. 


In addition to the amplifier proper, there 1s a separate filter unit for 
filtering | the plate supply and polarizing voltages. The’ entire amplifier 
is contained in a cabinet which measures approximately 22 ins. by 22 ins. 
by 10 ins. deep. This cabinet is designed for mounting on the wall. In 
addition to the amplifier and filter units, the amplifier cabinet contains a 
volume control and compensating unit. 


The relay type of fader is used and the amplifier cabinet 1s provided 
with pilot lights to indicate which:projector is in operation. The amplifier 
has practically the same input terminal connections as the type PG-10. 
The output circuit of the amplifier has been designed to operate a single . 
stage. loud-speaker and a dynamic monitor, although, by making the 
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Fic. 7,950.—Wiring diagram of RCA type PG-13 sound equipment amplifier unit. 





proper connections, two or four loud speakers may also be used. A phonograph input jack has been 
provided for the use of a non-synchronous phonograph. 


Wiring for Filter Unit.—Fig. 7,949 illustrates the wiring of the filter unit used on the 
type PG-13 equipment. Three terminal boards are provided. 
The one in the upper right hand corner provides for the connection of the filter unit to the motor 


dynamo set which supplies all power to the type PG-13 equipment, and also for the connection of all 
loud speakers. 
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The terminal board in the lower left hand corner provides terminals 
for the power supply from the filter unit to the voltage and power amplifier, 
and the terminal board in the upper left hand corner provides the ter- 
minals for the power supply to the sound heads, and for the incoming 
signals from the projectors. 


The two lower terminals on the upper right hand terminal board are 
marked + and — 500 volts respectively. These termimals are connected 
direct to the 600 volt dynamo in the motor dynamo set. 


The next two terminals above are marked ++ and — 12 volts respectively, 
and are wired to the 15 volt dynamo. The two binding posts marked + 
and — field, are for external connections to the fields of the monitor and 
stage speakers. The two upper terminals labelled output, supply the sound 
currents to the monitor and the stage speaker voice coils. 


The binding posts on the terminal board at the lower left-hand corner 
of the diagram are connected to corresponding binding posts in the voltage 
and power amplifier illustrated in fig. 7,950. The terminals marked +- 
and — A, are connected to the filaments of the UX-112A radiotrons and 
the terminals marked + and — 7.5, are connected to the filaments of 
the UX-250 tubes. The terminals marked — 9, and — 13.5, are the 
grid bias connections for the UX-112A radiotrons. 


The terminal marked —85, is the grid bias connection for the UX-250 
tubes while the terminal marked +425, supplies plate voltage to all tubes. 
The two terminals labelled output are connected from the output of the 
power amplifier to the output terminals on the upper right hand terminal 
board and are merely for the transfer of connections from power amplifier 
to speakers. 

On the upper left hand terminal iat: the binding post marked 90 
volts, is the power line to the projector photo-cell circuit.’ The binding 
post marked +12, is the exciter lamp current supply to the projector 
sound heads. Terminals A, B and C, are connected to the output circuit 
of the two projectors, C, being a common lead. 

_ The binding post marked fader is connected to three way switches on 
the projectors which operate the fader relay. The terminal marked G, 


is a common ground. and furnishes the return circuit for the photo-cell, 
exciter lamp, and fader control circuits. 


The fader relay 1s illustrated in fig. 7,949 and is connected 
sO as to transfer the amplifier input from one — to the 
other. 


It is operated by means of the three way control switches on the pro- 
jector. |The group of resistors and condensers shown above the fader 
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relay are used for the purpose of protecting the equipment in the case 
of a defective photo-cell or some other defect in the projector’s photo-cell 
circuits. | 
| T hese resistors also act as a filter to give the desired output character- 
istic to this circuit. 

The condenser block shown to the right of the relay is made up of two 
2000 microfarad electrolytic condensers and is used to smooth the ripple 
in the 15 volt dynamo supply. Below this condenser is the potentiometer 


connected across the filament of the UX-112A’s which is used for hum 
elimination. | 
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“| Fre. 7,951.—Wiring diagram for power amplifier. Note: Capacitor pack (3-4 mf. cond. 1-20 
mf.). New SPU-62 includes 50 mmf. condenser across secondary of input transformer, also 
large radiating plates for Rectox. 


The power amplifier illustrated in fig. 7,951 is used in all 
| Photophone SPU equipment. 


The larger the equipment the more power amplifier units are used. An 
examination of fig. 7,951 will show that its grid, plate and filament voltages 
are totally derived from its own power unit which is connected to any 
100 volt 60. cycle a.c. supply. 


As most 60 cycle a.c. supplies are of 110 volts a rheostat is incorporated 
on the power amplifier panel to reduce the line voltage to 100. A volt 
meter is also incorporated on the amplifier panel so that the operator may 
see when he has the proper line voltage adjustment. The amplifier stage 
in this SPU is a conventional push pull amplifier stage. utilizing two 
Radiotrons UX-250. 
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Field supply for the loud speakers is obtained from a high 


current Rectox rectifier. 
‘The schematic inter-apparatus wiring diagram is shown in fig. 7,952 
and gives a general idea of the layout of the equipment. In the case of 
a d.c. installation, a small motor dynamo set or rotary converter is used 
to supply the necessary a.c. for the SPU’s. 
Wiring for C Batteries.—The C, batteries for all UX-112A 


tubes are connected at their positive end to the movable arm 
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Fic. 7,952.—General layout of a typical RCA type PG-10 installation showing inter-apparatus 
run for directional loud speaker type installation. Exact location of RCA eyuipment to be 
determined by installation man; the directional loud speaker is to be mounted on rack so as 
to have the widest flare of the baffle in a horizontal and not in a vertical plane; stage floor 
box to be used on portable loud speaker rack installations only. 
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of the potentiometer. Proper taps are taken off the battery 
to give the correct C voltages. The 400 ohm resistor shown 
above the C battery furnishes by means of plate current RI 
drop, the grid bias for the UX-250 tubes. The 0.9 resistor 
to the nght of the 400 ohm resistor is used as a fixed filament 
rheostat to give the proper voltage at the filament of the UX- 
112A tubes. To the right of this group of resistors, the C bat- 
tery, and the condenser just mentioned are located and com- 
‘pensator, consisting of a tapped inductor and a variable re- 
‘sistor, which is connected in the circuit in such a fashion as 
‘to enable the operator to vary the tone quality of the output 
‘from the speakers to compensate for the ill effects of poor re- 
‘cording. 

The condenser block and reactor shown above and to the right are con- 


nected so as to filter out the commutator ripple of the two dynamos and 
thereby eliminate any incident noise. 


Voltage and Power Amplifier Circuits.—In fig. 7,950 is illus- 
. trated the voltage and power amplifier circuits of the PG-13 
‘equipment. This unit is mounted on a steel base similar to 
‘that of the filter unit and is located within the same cabinet 
in the upper shelf. Three radiotrons UX-112A and four radio- 
trons UX-250 are used in this amplifier as previously stated. 


The UX-112A’s are connected in single stage cascade amplifying circuits 
while the radiotrons UX-250 are in a parallel push pull circuit. 


The terminal board at the lower left hand corner of the diagram is con- 
nected to a corresponding terminal board in the filter unit as mentioned 
above. The first. tube is coupled through an auto-transformer to the 
sound input from the projectors. 


The plate circuit of the first tube is resistance coupled to the first inter- 
stage transformer which has a volume control connected across the sec- 
ondary, this volume control thereby operating in the grid circuit of the 
second UX-112A. | 


- The plate circuit of the second UX-112A is impedance coupled to the 
second inter-stage transformer and the third tube is resistance coupled 
to a push pull auto-transformer in the grid circuit of the radiotrons UX-250. 
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It may be seen that all tubes receive their plate supply from the +425 
voltage terminal, having the voltage reduced to proper values by series 
plate resistors. 


General Layout of Equipment.—Fig. 7,948 shows the general 
layout of a typical PG-13 installation and gives some idea of 
the layout of the equipment, although it. must be understood 
that wide variations sometimes occur in practice due to the 
limitations of the construction of different theatres, and unusual 
power supplies, such as d.c. 25 cycle, a.c., etc. 
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Fic. 7,953.—Wiring diagram for voltage amplifier. 


Sound heads are provided for Powers, Simplex or Motiograph pro- 
jectors. In general these sound heads are much the same as the sound 
heads used with SPU equipment but differ in that what is called an im- 
pedance type sound gate, is used. 


In Photophone equipment type PG-1, 2, 3, 4, 6, 7, 8, and 10 
equipment, the film is driven through the sound head by means 
of the constant speed sprocket which is driven through a viscous 
damping device. 

This viscous damping device is a mechanical filter constructed with ‘the 
purpose in view of eliminating the effects of mechanical vibration due to 
gear back lash, etc. This mechanical filter makes use of the cushioning 


effect of a spring drive damped by means of a grease lubricated friction 
device. 
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In the type PG-13 equipment another type of mechanical 
filter is used, consisting of a free running fly wheel which is 
friction driven by the film itself as it leaves the sound gate. 

Any tendency for speed variation to be introduced into the motion of 

the film is effectively damped out by the inertia of the fly wheel. A sprocket 

_. driven at constant speed is located below the impedance roller and pulls 

the film through the sound gate and past the roller. The film is held in 
tension at the gate by means of springs. 

Optical System.—The optical system used is similar to that 
-used in other Photophone sound heads. The exciter lamp 
assembly, however, is entirely different from those used in 
other Photophone sound heads. Only one lamp will be put 
in position at a time and this is carried on an easily removable 
base so that the lamp can be set up and focused, then the 
entire assembly laid aside for emergency use while. another 
exciter lamp is set up focused and left installed for routine 

operation. The UX-868 photo cell is used. The sound head 
contains an exciter lamp, ammeter and theostat, together with 
the film disc transfer switch. 


Type PG-10 Amplifier.—The type PG-10 equipment con- 
' tains an amplifier rack containing a battery operated voltage 
; amplifier and the necessary B, C and photo-cell polarizing bat- 
’ teries. This rack also contains a socket power unit operated 
| power amplifier which derives voltages for grid; filament, and 
{ plate from a self contained power supply unit. 


Two heavy duty storage batteries are used to supply the filament cur- 
rent of the voltage amplifier tubes and exciter lamps. Tungar rectifiers are 
used to charge the storage batteries. Two sound heads, two synchronous 
disc attachments, one booth monitor loud speaker and from one to four 
stage loud speakers with directional baffles complete the equipment. 


.The voltage amplifier used in all RCA Photophone SPU 
equipment except the PG-10 is shown in fig. 7,953. 


As may be seen from examination of fig. 7,953, the voltage amplifier is 
a conventional push pull amplifier of three stages with transformer coupled 
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input and transformer coupled output. The tubes are operated at a plate 
voltage of +135 and a grid voltage of —9. The necessary filament voltage 
is obtained from a 12 volt storage battery mentioned previously. The 0.8 
ohm resistor in the positive filament lead reduces the battery voltage to the 
proper value to light the tubes. 


In fig. 7,953, the volume control is shown as a variable re- 


sistor connected across the plates of the second stage tubes, 
which permits of a remote volume control that operates without 
loss of quality.. 


Dn wd 


The two mfd. condensers: by pass the radio frequency currents around 
the. B and C; batteries. The voltage amplifier is mounted on a steel base, 
all tubes operating in the vertical position. The type PG-10 voltage am- 
plifier is similar in all respects with the exception that it uses UX-112A 
tubes and a grid circuit volume control instead of the plate circuit volame 


control. The. grid circuit volume control does not permit a remote volume 


control and is therefore mounted directly.on the amplifier rack. This 
amplifier is described rather than that of the PG-10 since the differences 
are very slight and this voltage amplifier in itself is representative of all 
other Photophone SPU equipment. The output of the voltage amplifier 
is sent to the amplifier shown in fig. 7,951. . 


TEST QUESTIONS 


Draw a general layout of a typical sound system wiring 
installation. 


Describe the amplifiers and tone control. 
How is the wiring installed for the filter units? 
How is a fader relay connected? 


. Describe the wiring for C batteries. 


How are the voltage and power amplifier circuits in- 
stalled? ) 


Describe the general layout of equipment. 
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Questions and Answers 


_ Hor Wiremen and Operators) 


T he following cnalious and doiide relating: to, ‘the various 
branches of theatre wiring give the code requirements and 
other valuable information: | : 


ee ; 
al y | 


aa: 
; ¢ 

: 
j 

) 


Ques.—How many amperes are allowed on foo Samy pros- 
cenium and side lights? | 2 


fo 4t) 

Ans.—15 amperes on a branch circuit fuse. i 
| | 

7 | 


Ques.— What size wire is ‘gaa for dine and gallery pockets? 


Ans.—Minimum size wire for arc salle No. 6 B & S gauge: minimum 
size wire for incandescent pockets: No. 12 B. aa S gauge. 


Ques.—Why must conduits and gas pipes’ be securely fast- 
ened in outlet boxes? 


Ans.—To insure an effective ground. ‘Ifa gas‘pipe be insecurely fast- 
ened to outlet box and should current pass over the conduit..system, a 
hole might be burned in the gas pipe at the point of loose contact, causing 
a gas fire. 


4,990 Questions and Answers 


Ques.— What is the code ruling on dimmers? 


Ans.—Dimmers must be wired so that they are dead when their re- 
spective circuit switches are open. 
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Fic. 7,954.—Wiring diagram of three phase multiple arc transverter. . 


, Ques.—Festooned lighting on stage enclosed in lanterns, what 
is the code ruling? 


Ans.—Joints should be staggered and metal lamp guards must be used. 
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Ques.—Where two services are installed in a theatre, what 
capacity on each service? 


Ans.—One service shall be of sufficient capacity to supply current for 
the entire equipment of the theatre. The other of sufficient capacity to 
supply the emergency system. 


Ques.—What is the difference between professional and non- 
‘professional moving picture machines? 


Ans.—tThe professional type machine must be enclosed 1n an approved 
booth. In charge of a qualified attendant. Use an electric arc as the 
source of illumination. The non-professional type machine is so con- 
structed that it is not possible to use full sized commerical film. An in- 
candescent lamp must be used as the source of illumination. The machine 
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| Fic. 7,955.—Wiring diagram of single phase (split phase starting) multiple arc set. 
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should be marked “For use with slow burning film only.’’ Machines 
using slow burning film only are approved for use without booth. 


Ques.—How must a motion picture booth be ventilated? 


Ans.—By means of a vent pipe having a cross sectional area of not less 
than 78 sq. ins. and this vent should lead to the outside of the building 
or to a special non-combustible flue. Draft in vent pipe must be main- 
tained by an exhaust fan having a capacity of 50 cu. ft. of air per minute, 
connected on emergency service, controlled outside booth. 


Ques.— What precautions and requirements must be ob- 
served in the installations of storage batteries? Give reasons 
for these requirements. 


Ans.—Storage battery rooms must be ventilated. Because of the danger 
from gas fumes when charging. Wiring should be exposed and painted 
with P. B. or similar compound. The wiring being exposed to the air 
reduces the possibility of corrosion of the insulation and conductors by 
acid fumes. Storage batteries should be mounted on non-absorptive in- 
sulators. This reduces current leakage, Metal liable to corrosion should 
not be used in the cell connections. Because metal that has been eaten 
away having lost its area, the carrying capacity is reduced. 


Ques.—How should 0; 00, 200,000 cm. size conductors be 
supported in vertical conduit? 


Ans.—O size 100 ft.;.00 size 80 ft.; 200,000 cm. size 80 ft. 


Ques.—What may happen to a conductor which is heavily 
overfused? | 


Ans.—lIn case of excessive load the wire would. become hot, this would 
constitute a fire hazard. The effectiveness of the insulation would be im- 
paired.’ 


Ques.—Give the code ruling on wiring a dressing room. 


Ans.—Approved conduit or armored cable must be used to wire dress~ 
ing rooms. Pendants for lights must be made of approved reinforced 
cord or armored cable, lamps must be protected by approved guards 
locked in place. 
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Ques.—What services are required to be installed in a theatre? 


Ans.—Two separate and distinct services. One for the emergency 
lights. One for general lighting and power. 


Ques.—Give the allowable carrying capacities of at least five 
different sizes of wire with which you are familiar. 


Ans.—No. 18, 3 amp.; No. 14, 15 amp.; No. 12, 20 amp.; No. 6, 50 
amp.; No. 1, 100 amp.; No. 00, 150 amp. 


Ques.— What are the insulation resistances of a building be- 
tween conductors and ground of 25, 100, 400 amperes? 


Ans.—Up to 25 amperes, 800,000 ohms; up to 100 amperes, 200,000 
ohms; up to 400 amperes,- 50,000 ohms. 


Ques.—How should lights on scenery be installed? 


Ans.—Fixtures should be wired internally. The fixture stem carried 
through to the back of the scenery and the end bushed. Fixtures should 
be fastened securely 1n place on scenery. 


Ques.—On portable bunches, how should they be installed? 


Ans.—Substantial metal should be employed in their manufacture. The 
wiring should not be exposed. Where the cable passes through the metal 
an approved bushing must be used. The cable must be anchored in such 
a manner that no strain will be brought to bear on the connections. Bunches 


must be kept clear of inflammable materials. Standards should not be 
grounded. 


Ques .—How should lamp be installed in scene dock? 


_Ans.—Lamps installed in scene docks should be so located and guarded 
as to be free from mechanical injury. Lamp guards must be used. 


Ques.—How should a motor generator be installed in a mo- 
tion picture booth? } 
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Fic. 7,956.— Wiring diagram of three phase multiple arc set showing control panel with volt 
meter selector switch. 
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Ans.—Of the totally enclosed type, conductors brought in conduit to 
-box incorporated on motor frame, motor generator so located that it will 
not be in the way of M.P.operator. Properly grounded, and a discon- 
necting switch within sight of motor. 


/ 


Ques.—What size wire is used for motion picture machine? 


Ans.—The minimum No. 4B & S$ gauge. Wires should be of sufficient 
carrying capacity for the current rating of the projector. 


Ques.~-How must emergency light be installed? 


Ans.—On emergency service controlled from the front of the theatre. 
Ques.—In stage flues and dampers how can same be con- 
trolled? 


Ans.—lf electrically controlled, on a closed circuit, by two single pole 
switches each in box with a self closing door, without a lock or latch. One 
at the electrician’s station, the other at a place designated by the commis- 
sioner. The release device should be designéd to operate at the voltage 
of the circuit on which it 1s installed. 


Ques —Why is a single phase 3 wire system used for lighting 
even in cases where it is necessary to introduce a 2 phase service 
to a building because of its power load? 


Ans.—Because of the voltage fluctuation when starting motors. If 
trouble develop on power service, lighting service will not be interfered with. 


Ques.—Where border lights are installed what kind of wire 
should be used? 


Ans. —Slow burning wire for circuit wiring. Border light cable where 
aman is required. 


Ques —Ifa tap of No. 14B & S gauge wire had to be taken 
off a main of No. 10 gauge wire, when would it be permissible 
to omit fuses where the wire size changed? 
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Fic. 7,957.—Wiring diagram showing installation of two multiple arc units fn parallel and 
control panel. 
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Ans.—Fuses may be omitted where an extremely short tap from a 
No. 10 main is connected by No. 14 wire to a cut out or wherever the fuse 
in the larger wire will protect the smaller wire. 


Ques.—Give in detail how to wire a moving picture booth 
for current for two standard moving picture machines, one 
‘motor generator set and 3-60 watt lamps. Give sketch. 


Ans.—All conductors should be installed in rigid conduit. Run set of 
feeds to motor of motor generator set as per requirements of motor, from 
the output side of motor generator set run 2 No. 00 B & S gauge con- 
ductors to a distribution panel, from the panel 2 No. 4 B & S gauge con- 
ductors to each MP. M. outlet. Run 2 No. 14B&S gauge wires to booth 
for lighting fed from energency.panel. Run 2 No. 12 wires to exhaust fan 
outlet fed from emergency panel. Run 2 No. 14 B & S gauge wires from 
distribution: panel to. each. drive: motor. outlet. All motors, motor gener- 
ator set, and other electrical apparatus well grounded. At distribution 
panel 1 switch for:each motion picture machine, and 1 switch for each 


drive motor. Exhaust fan switch located outside booth. Lighting switch 
in booth. 


Ques.— What is the Code ruling on portable plugging boxes? 


Ans.—Live parts enclosed. Each receptacle should have a current 
carrying capacity of 30 amps. and be protected by fuses enclosed in a fire- 
proof box with self closing doors. Bus bar capacity equal to total capacity 
of outlets. Master cable connected by lugs to box. 


Ques.—How should a curtain motor be installed? 


Ans.—With all live parts totally enclosed. Chain, gears, etc., clear of 
scenery wires brought in conduit, direct to box on motor frame. Drip 


pan, frame grounded. Switch at motor which will disconnect all wires 
from same. 


Ques.—State all the rules that you can recall covering the 
installation of curtain motors on the stage of a theatre. 


Ans.—Gears, chains, and all moving parts of motor guarded so they 
cannot come in contact with scenery. A switch incorporated in the motor 
unit itself. Type motor totally enclosed. Should be located overhead if 
possible. Connections at motor totally enclosed. A switch should be 
in circuit to disconnect all live wires from same. Should be grounded. 
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Ques.—How should dimmers in theatre wiring be wired with 
respect to the balance of the circuit of which they form a part? 


Ans.—Half the lights of each border, foots, etc., should be on one side 
of 3 wire circuit and the other half on the other side. As one switch con- 
trols each individual border light, etc., and this switch 1s double pole each. 
side being on a live leg of different polarity the balance will be absolute. 
The dimmer is placed in series with each outside line. 7 


Draw a diagram of a break down switch connecting street service and 
a private plant. 
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Fic. 7,958.—Wiring diagram of multiple arc transverter, three phase motor. 
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Ques.— What rules cover the service for motion picture house 
or theatre? 


Ans.—Two distinct services. If one service to building the emergency 
service shall be hooked up ahead of the main fuse on street side of general 
service, and only one set of fuses bétween service fuses and outlets. 


Ques.—How must motors of 550 volts be installed? 


Ans.—Motors of this type are to be installed in power house, sub-sta- 
tion, etc., or in a room especially designed for the purpose. Switch at 
motor. Frame effectively grounded. Leads carried in conduit direct to 


box on motor frame. No live part exposed, and must be provided with 
drip pan. 


Ques.—How should motor and rheostats be installed in film 
storage vault? 


Avie T tats teachin, 


Ques.—Name all the reasons you can that would cause ex- 
' cessive sparking at the brushes of a compound wound motor. 


Ans.—a, Loose shunt field connection; b, bad condition of commutator: 
c, bad condition of brushes; d, open circuit in armature; e, bad adjustment 
of brushes; f, overload. 


Ques.—How would you wire a moving picture booth for the 
+ machine and for lighting? Draw diagram of connections, give 
wire size and names of various appliances. 


Ans.—Principal parts of projector are: drive motor; automatic shutter; 
auto. arc feed; intermittent movement; enclosed switch for arc; enclosed 
switch for motor; all wiring in rigid conduit; 3 No. 1 B & S gauge con- 
ductors installed as feeders, to a distribution ‘panel in the booth. From 
this distribution panel 2 No. 4 B & S gauge wires to each M.P. machine 
outlet, also 2 No. 14 B & S gauge wires to each drive motor outlet. Indi- 
vidual switch for each moving picture machine and drive motor in panel. 
Two No. 12 B & S gauge wires feeding exhaust fan outlet, fed from emer- 
gency panel.. Exhaust fan switch outside booth. Two No. 14B&8§5 
gauge wires for lighting circuit fed from emergency panel switch in booth. 


STARTER ~ PANEL D 


Pusn BuTtTon 
SwitTCH 


To Pos. CARBON 


NOTE- AtwavsS MOUNT THE STARTING. 
PANEL AS CLOSE AS CONVENTENTLY | 
POSSIBLE TO THE MOTOR GENERATOR, 
IN ANY CASE NOT FURTHER “THAN 
TEN FEET AWAY . 


1e 
N 
> 
Y 
a. 
Ci 
=) 
m 
Qy 
=) 
A, 
aN 
~) 
z 
= 
C 
7 
nr 


Fic. 7,959.—External wiring diagram of Hertner single phase transverter starter and panel D. The push button station, panel 
D, and the reversing switch can be located wherever desired. Wiring Instructions. Connect L-1 and L-2, in the starter to 
the a.c. line. Connect T-1 and T-2, in the starter to the a.c. motor. Connect L, A and E, in the starter to L, A and E, on 
the dynamo. Connect F in the panel D, to F, on the motor dynamo. Connect L and A, in the starter to the center posts 
of the reversing switch. Connect C-1, C-2 and C-3, to the push button station which can be located at any desired point. Con- 
nect one jaw post of the reversing switch to the negative lamp bus. Connect the other Jaw post of the reversing switch to L, 
in the panel D. Connect the C terminal in the panel D, to the positive lamp bus. Connect the C terminal in the panel D, 





Fic, 7,959,—Text continued. | 
ch the negative lamp bus has been connected. Connect the A, terminal in the 


to the jaw post of the reversing switch to whi 
tch to which the A, lead from the starter has been connected. All connections 


panel D, to the hinge post of the reversing swl 
are now complete and after the dash pot has been fitted with oil and replaced on the relay the unit should start when the starting 


push button is pressed. In making connections be sure that the wire sizes used are not smaller than noted on the diagram. Fuses. 
The a.c. fuses directly ahead of the starter must be of large enough capacity to carry the maximum load of the machine. Op- 
erating instructions. When the start button is pressed the ynit will immediately start and with the reversing switch closed 
to one side, the meter will read properly or the needle will go off the scale past the zero point. In other words the polarity 
will be reversed. If this be the case it is only necessary to throw the reversing switch to the other position so that the meters 
will read properly. When the meter reads properly the polarity to the lamps will be correct. This motor dynamo will supply 
current at approximately constant voltage up to the capacity. of the machine. The unit is designed to carry the high ampere 
load for such time as is required to burn in carbons or warm them up preparatory to a change over. The field regulator in the 
panel provides a means of adjusting the voltage of the dynamo to the correct operating voltage. Starter operation. As 
soon ds the start button is pressed the four pole a.c. contactor will close. This connects the dynamo to the a.c. line and will 
permit the unit to start. At the same time the push button is pressed the dash pot relay is energized and this relay should 
close after the unit has come up to running speed. When the dash pot relay closes, the coil to the two pole a.c. contactor is 
energized, and as this contactor closes, the circuit to both the four pole contactor and the dash pot relay is opened so that only 
the a.c. motor is connected to the a.c. line. If the two pole contactor close too soon, further adjustment should be made on 


the dash pot relay by closing the oil inlet valves and turning down the plunger. 


: ee Neal general, what are the principles governing the installation of electric 
eaters: | 


Ans.—Should not be located in dusty or linty places. Heating devices must h 
a guide to installation thereof. Smoothing irons must have nee abla stand. Pilot oe Ra rbeirt : 
lamps are advisable. A heater consuming over 250 watts must be fed by heater cord. Heaters of 6 
amp. may be used on branch circuits. Heaters over 10 amps. must have an indicating switch. Switche 
must disconnect all ungrounded wires from circuit. Key sockets should not be used. Ground : 
heaters must be bolted securely to same, soldering is not acceptable. mn? 


Ques.—In wire for special electrical effects, what is the code ruling? 


Ans.—Screened and so constructed that sparks cannot come in contact with inflammable material 
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_ Ques.— What size ground wire should be used for: a, 0 to 100 
amp.; 0, 101 to 200 amp.; c, 201 to 500 amp.; d, over 500 amp.? 


Ans.—The following size wires B & S gauge: a, No. 10; b, No. 6; c, 
No. 4; d, No. 2. 
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Fic. 7,960.—Back of board diagram of Hertner single phase starter 3 wire control, timing 
relay. 


Ques.—How would you change the direction of 3 phase a.c. 
induction motor? 


Ans.—By interchanging any two of the motor lead connections. 


Ques.— What are emergency lights in a theatre as described 
in the Electrical Code? 


Ans.—Exit lights, light in corridors, stairways, lobbies, and all other 
lights normally kept lighted during the performance. 
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CHAPTER 205 


Television 


_ By definition, television is vision obtained of a distant object 
through a telegraphoscope or instrument involving the use of selen- 
tum cells for telegraphically transmitting a picture. 


The problem of television broadly is that of: 


1. Converting light signals into electrical signals. 
2. Transmitting the electrical signals to a distant station. 


3. Converting the transmitted electrical signals back into 
light signals. 


Given means for accomplishing these three essential tasks, the problem 
becomes that of developing these means to the requisite degree of sensitive- 
ness, speed, efficiency, and accuracy, in order to recreate a changing scene 


at a distant point, without appreciable lapse of time, in a form satisfactory 
to the eye. 


A convenient starting point for the discussion of television 
is the human eye itself. 


In this an image is formed upon the retina, a sensitive screen, consisting 
of a multitude of individual light sensitive elements. Each of these elements 
is the termination of a nerve fibre which goes directly to the brain, the entire 
group of many million fibres constituting the optic nerve. 


A theoretically possible television system could be made by 
copying the eye. 


5,004 Television 





Thus a large number of photo-sensitive elements could be connected each 
with an individual transmission channel leading to a distant point, and sig- 
nals could be sent simultaneously from each of the sensitive elements to be 
simultaneously used for the re-creation of the image at the distant point. 
The number of wires or other communication channels demanded in a tele- 
vision system of this sort would be impractically large. 


For practical purposes, reduction of the number of transmission channels 
is made possible by the fact that, while in vision all parts of the image on the 





ee 


Fic. 7,961.—Dr.E.F. W. Alexanderson, engineer in charge of the radio consulting department 
of the General Electric Company, with his television apparatus which projects the picture on 
the theatre screen. 


retina are simultaneously and continuously acting to send nerve impulses, 
the inertia of the visual system is such that a sensation of continuity is 
obtained from discontinuous signals, provided these succeed each other 
rapidly enough. 


This sensation of continuity is due to what is called the perstsience of 
viston. It is immaterial to the eye whether the whole view be presented 
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simultaneously or whether its various elements be viewed in succession, pro- 
vided the entire image be traversed in a sufficiently brief interval. This 


accordingly permits as a basic principle of television, what is known as 
scanning. 


In television scanning is defined as running over the elements 


of the image in sequence, instead of endeavoring to transmit all 
of the elementary signals simultaneously. 
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! Fic. 7,962 —The 6 by 7 foot screen upon which television pictures are projected, in a Schenec- 
tady theatre. When in use curtains are dropped about the sides and top of this special screen. 


The development of a television system therefore necessi- 

' tates, at an early stage, the design of some scanning system 

. by which the image to be transmitted may be broken up into Se- 
quences of signals. 


In the simplest case, where one transmission channel is to be used, the 
whole image will be resolved into a single series of signals. 
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Scanning is accomplished by means of a scanning device 
which makes possible the decomposing of an image into a large 
number of small images for the purpose of transmission. 


There are two methods of scanning known as: 
1. Beam; 
2. Direct. 


In the original television system, the subject was scanned by a beam of 
light and the reflected light was employed to actuate the photo-electric 
cells. The reflected light after being picked up by a bank of large photo- 
electric cells was converted into variations of electric current. Sufficiently 
amplified, this current controlled the brightness of a Neon lamp at the 
receiving station. 


The Neon lamp when scanned by a moving aperture in synchronism with 
the initial beam of light appeared to the observer to re-create the original 
object. This method had the decided advantage that artificial light could 
be used at an intensity which would be decidedly uncomfortable for the 
subject were his whole face illuminated at once. 


With the development of photo-electric cells of greater sensitivity, it 
became possible to illumine the subject broadly by daylight, and allow the 
photo-electric cell to behold only one small area of the picture at a time. 
This method is called direct scanning. 


The direct scanning system requires the broad illumination typical of 
outdoor scenes. It lends itself to action at a distance from the lens. 


Home built apparatus may be constructed which will bring 
in pictures, 1f it be properly tuned to and synchronized with 
a transmitting station which happens to be broadcasting pic- 
tures. The system which shows promise for the home con- 
struction is that known as the scanning disc. 


In construction a number of holes are drilled near the outer surface of a 
scanning disc in a spiral. The number of holes in the disc determines the 
number of vertical or transverse divisions in the picture. To secure the best 
clarity or definition with a given number of small images, or dots, the width 
of each dot should equal its height. This makes it advisable to have a 
square image. 
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Since the number of holes in the disc determines the number of dots in one 
direction, and since the picture is to be square, it follows that the total 
number of dots is equal to the square of the number of disc holes. If, for 
example, the disc have 48 holes, then the image will be decomposed into 
48 X48, or 2,304 dots at the transmitting end. 


. The receiving process recomposes these 2,304 dots of different intensity 
into an image. These must be reassembled or composed in the same order 
and at the same speed that obtained at the transmitting end. 
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( Fic. 7,963.—Section through eye ball. The parts are: Cj, conjunctiva; co, cornea; Sc, scle- 

| rotic coat; ch, choroid coat; pc, ciliary processes; mc, ciliary muscle; O, optic nerve; R, 
retina: I, iris; aq, anterior chamber containing aqueous humor; L, lens; V, vitreous humor; 
Z, zonule of Zinn, which supports the lens; p, space known as the canal of Petit; m, position 
of the macula, or yellow spot. 
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Fic. 7,964.—Diagrammatic section of the retina, showing its various layers, which are num- 
_ bered as in the illustration. The first layer consists of nerve. fibres, the ninth is the layer 


of rods and cones. The tenth layer, of pigment cells beyond the rods and cones, is not 
2 shown. Peas ob he : Sass 
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Peristence of Vision means that the electro-chemical process 
taking place in the nerves and the brain, as a result of a stimulus 
on the retina, persists for a brief time after the stumulus has been 
removed. 


Persistence lasts for about one tenth of a second; so if a 
series of stimuli be applied to the eye at that interval the result 
will be, not a broken, but a continuous reaction. It is this 
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Fic. 7,965.—Television principles 1. Several light sources illuminate the subject; a lens forms 
an image which is scanned by a spiral of apertures, through which the light falls on a single 
photo-electric cell. 


defect in vision that makes possible motion pictures and tele- 
vision, since the illusion of motion is produced by sending a 
series of pictures, each of which is a still, at the rate of ten or 
more a second. 


The operation and advantages of the scanning method actu- 
ally used in the present process for transmitting television 
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images may be better understood by first considering a simple 
and analogous method illustrated in fig. 7,965. 


~The subject is illuminated by lights placed in front of it as shown. A lens 
forms an image of the subject on the rotating disc. This disc is pierced with 
a series of small holes or apertures arranged in the form of a spiral; and, as the 
disc rotates, the apertures trace across the image one after the other in a 
series of parallel lines. 





Fic. 7,966—Television principles 2. Light from a single source is projected as a small moving 


- gpot on the subject; the reflected light is received by several photo-electric cells. 


The frame limits the size of the image and prevents more than one aper- 
ture being in the image at one time. 


Light, passing through an aperture as it travels across the image, falls in 
the light sensitive cell and generates a picture current proportional to the 
brightness of the image from point to point along steps taken one after the 
other across the image. 


In any system, such as that outlined above, which depends 
upon scanning an image of the view as formed by a lens, the 
efficiency of the system is ultimately limited, for any given 
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size of umage that can be scanned, by the ratio of aperture to 
focal length of the best lens that can be secured. 


Experiments show that, with the best lens available to form a one inch 
square image, it would be necessary to illuminate a subject with a 16,000 
candle power arc at a distance of about four feet 1n order to secure an image 
bright enough for a photo-electric cell to give an output current above the 
noise level in an amplifier system. In other ‘words, television would 
apparently be extremely inconvenient to the subject 1f it were to be carried 
out from an image formed by alens. | 





Fic. 7 .967 .—Television apparatus. Light from the arc lamp is condensed on the disc, which 
is driven by a high frequency synchronous motor. The disc carries a spiral of pin hole 
apertures. 


In the system actually used for television transmission, this apparent 
limitation has been evaded by reversing the entire optical system of fig. 
7,965, and arranging it as shown diagrammatically in fig. 7,966. Instead of 
scanning an image of the subject, the actual subject is scanned directly by a 
rapidly moving spot of light. 


An illustrative laboratory set up, fig. 7,967, shows the arrangement of 
parts in such a transmitting station. A fifteen inch disc rotating approx- 
imately eighteen times per second carries a series of fifty small apertures 
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arranged in the form of a spiral. A beam of light is condensed by a lens 
from a 40 ampere Sperry arc to intensely illuminate a limited area in the 
path of the moving apertures; and a slender, intense beam of light passes 
through each aperture as it moves across the illuminated area. A frarne in 
front of the disc permits light to emerge from only one aperture at a time 
and the lens in front of the disc focuses an image of this moving aperture on 
the subject. As a result of this arrangement the subject is completely 
scanned in a series of successive, parallel lines by a rapidly moving spot of 
light, once for each revolution of the disc; and on account of the transient 


nature of the illumination the subject is scarcely aware that he is being 
exposed to it. 


MICROPHONE | 





PHOTO: ELECTR 
{ TUBE FRAME ANTENNA 


900 WATT 






A 
ARC LIGHT i 
Pad 5 M4 
Pe Bae w 
~. 
SCILLATOR J, 
TELEVISION) } 


| fe LATOR 
J ' 7 


RECTIFIER 









“MICROPHONE. 
AMPLIFIER 


—— - 
a — -- 







f Sa — 
EOE 


. » TO VOICE TRANSMIT TER 
I Fic. 7,968 —Television pick up apparatus. At the studio, feeding into transmitter. 


As the spot- of light traces across the subject, light iS 
) diffusely reflected or scattered from the subject in all direc- 
t tions. and some of the light that is reflected forward passes 
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into three large photo-electric cells placed just in front of the 
person who 1s being viewed. 


The current outputs from the three photo-electric cells operate in parallel 
into a common amplifier system. As the beam of light passes, for instance, 
across the person’s eyebrow less light is reflected to the photo-electric cells, 
and as the bear passes across his forehead more light is reflected. Since the 
current output from the photo-electric cells is proportional to the received 
light, the current follows accurately the brightness of the various elemental 
areas of the subject’s features as he 1s traced over by the scanning beam. 
The fluctuating current is uni-directional. 
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Fic. 7,969.—Television apparatus showing arrangement of image and voice reception systems. 


The actual operation of such an optical system, its influence on the lighting 
effects and quality of the reproduced image, may best be understood by 
noting that optically the system is identically the same as if all of the rays 
of light were reversed in direction to give an optical system equivalent to 
fig. 7,965. 


The television apparatus sees the subject exactly as if rays 
of light came out of the photo-electric cells to illuminate the 
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‘subject; the lens formed an image of the subject on the disc, 
and the apparatus scanned this image and reproduced it at the 
receiving end. 


The lights and shadows seen in the image are the same as if the subject 

.. ‘were illuminated by three large lights in the positions of the photo-electric 
cells and looked at from the position of the lens. 

'" It also follows from the considerations that, within its range of resolving 
power, this scanning method will not only reproduce a plane subject, such 
as a drawing, but it will also faithfully reproduce three dimensional figures 
with sharp edges and elevations and depressions, just as well as they could 


be reproduced in a photograph. 
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{ Frc. 7;970. —Elementary television diagram showing details of the Karolus system; the water 
‘! cell ‘removes heat rays; the Nicoll polarizing prism at the right polarizes the light; the light 
valve (Kerr cell) then rotates the ray, to a degree which determines the amount to be cut off 
by the polarizing prism at the left; and the light spot is then caused to move over the screen, 
ce pronueng the image. 


In addition, because the light passes in.an approximately parallel beam 
through a disc aperture, the slender beams of light sweeping across the 
region in front of the transmitter just barely overlap each other even at a 
considerable distance from the apparatus. Consequently, it is not necessary 

_ that the subject be at the exact positions at which the small apertures are 
sharply focused; and within wide limits no confusion results as the subject 
“moves toward or away from the apparatus. The brightness as well as the 

size of the received image decreases as the subject moves away from the 
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photo-electric cells; and for good transmission of the human features, which 
reflect very little blue light to which the photo-electric cells are sensitive, a 
person should not be more than a few feet away from the cells. 


At the studio, the person to be televisioned stands before a 
bank of photo-electric cells as in fig. 7,968, while a large lamp 
casts a ray of light, which is directed by the scanning disc, 
over the features of the subject. | | 
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Fic. 7,971.—Arrangement of lamps, color filters and mirrors at receiving end in monochrone 
television work. 


oe 


The reflectivity of the area.covered by this spot, about 1% in. in diameter, 
at any time governs the strength of the impulse being instantaneously sent 
out from the transmitter. The reception arrangement, which requires two 
distinct channels, is shown in fig. 7,969. The television signal on 140 meters 
: picked up, amplified and conducted to the projector, at the left of the 

gure. 


Television in Colors.—The method here described is the 
beam scanning method. In this method the positions of light 
source, image forming lens, and sensitive surface, in photography, 
are reversed. The lens projects a narrow moving beam of light 
and the light reflected from the object is picked up by photo- 
electric cells which occupy the positions which in photography 
would be taken by the light sources. 
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In more detail, the essential feature of the beam scanning method of 
three-color television consists in the use of three sets of photo-electric cells, 
one set with its accompanying filters recording the red constituent, the sec- 
ond the green and the third the blue constituent of the image. The light 
source and the scanning disc are in no way altered from the form as used in 
monochrome television. The three sets of cells are each connected to a sep- 
arate communication channel, and the television signals going over these 
three channels correspond to the three colors. 










4| Fic. 7,972.—Arrangement of photo-electric cells for three color television. 


\ 
| 


i 


At the receiving end a number of possibilities are open; one of these is the 
projection of three colored beams of light on to the same spot on a screen, 
which would correspond to a three-color lantern projector; a second possi- 
bility is the use of a triple grid vacuum tube similar to the large grid which 
has been used previously for exhibiting television images to an audience, 
except that three juxtaposed sets of tubes would be used with three dis- 
tributers. A third possibility, which is the one used in this work, is to super- 
pose the light from three different colored television glow lamps by means of 
semi-transparent mirrors. This is comparable to the additive superposition 
in three-color photography exemplified in the chromoscope. 
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TEST QUESTIONS. 


What is television? 

How is television accomplished? 

Explain the physics of the human eye. 

What is understood by persistence of vision? 
Define scanning. 


6. Name two methods of scanning and describe each. 


~I 


Can home built apparatus be constructed that will 
bring in pictures? 

Describe in full, persistence of vision. 

Draw diagrams illustrating basic principles of tele- 
vision. 


. Describe television apparatus. 
. Draw a diagram illustrating the Karolus system. 
. Describe method of television in colors. 
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